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GEOLOGY AND MINERAL RESOURCES OF A PORTION 
OF THE COPPER RIVER DISTRICT, ALASKA. 



Bv F. C SciiRADER and A. C Spencer. 



INTRODUCTION. 

The field work on which the following i-eport is Imseil was done dur- 
ing the latter ymrt of the summer and in the fall of 11^ K> bv a party eon- 
sistintr of F. C. Schrader and Arthur C\ S|M^ncer. ideologists. T. (t. 
(lerdine and I). C. Witherspoon, topographers, and eight other men, 
embracing pj\ckei-s, cooks. axmen« and camp hands. Late in the fall 
seveml additional men were enjploved as crew on the steamlx^at in 
charge of Captain McPherson and the sloop in charge of Lewis Tor- 
tensen, in completing the work al)out Prince William Sound. 

During the seasons of ISIKS and ISW the favonible re|K)rts and sam- 
ples of copj>er ore brought out bv prospectors who had penetnited the 
rugged and little-explored Mount Wrangell region, in the eastern i)art 
of the Copper River Basin, led to a concentnition of attention upon 
this region, and in response to urgent requests for a public survey and 
a much-needed geological and topogniphic map, funds weiv appropri- 
ated l>v Congress during the spring of IVHM). The principal object of 
the work, therefore, as set forth in the letter of instructions to the 
party, was a survey of the Chitina copper district of the Copper River 
region, with the view of determining as nearly as j^ossible the extent 
and chanicter of the copper deposits of the district, ascertaining the 
numl>er. chamcter, and distribution of the coppiM-- bearing formations, 
and gathering all possible information with reference to the genetic 
conditions of deposits of copper, the amount and quality of the ores, 
and all other questions having a geological or economic bearing. 

The expedition was in charge of Mr. Si»hrader, who first visited the 
Copper Basin in 1898 with a party detailed by Captain Abercrombie 
to investigate tho availability of Tasnuna River as a route to the inte- 
rior, while Mr. Gerdine had the direction of the topographic work. 

In making the topographic surveys it was the object to obtain data 
for completing a map of as large an area as possible, including the 
region in which the copper ores were found and the general drainage 

9 



10 C'OI'I'KK KIVKK DISTRICT, ALASKA. 

\ni'^Ut t)i (>hitiria Kiv#*r Siu-h a map hai^ U'^m drawn, and its ^eo- 
\^m\A\U' ixwition hax fM*i*n d«'t«Trninc'd Sy nif*an< of triangiilation and 
xtiidia u\i*i\itt(\j^ around a ^'irciiit of aUiut 4^ii» miles, from Valdes to the 
(/hitina <'oiintry and th<*nr<* down Oippor Kiv«*r to its mouth, where 
ronnei'tion wan made with the work of the I'nited States Coast and 
Ge^Hletie Survey. F'rom ('opjM*r Kiver to Knowles Head, in Prinee 
William .S>und, the (loant Survey ha^l completed its trian^ulation. At 
the latter |K>int the line was taken up and eloscKi with the starting 
{H>int. In asHemfilini; the. tofKigniphie data in the office, Mr. (xerdine 
han had the eollaU>ratiori of Mr. \Vith(»rH|)<K>n. 

The ^eojo^iciil obs(*rvations were necessarily confined to the vicinity 
of the routes traveled, and while far from complete, they are sufficient 
to reveal the main j^eolo^ical features of the region traversed. The 
compilation of the geologi(;al notes and the drawing of the geological 
map has heeri the joint work of the two authors, but the fonn of the 
re|H)rt and th(^ marmer of presentation of the data has fallen upon the 
junior author, hiScause iMr. S<!hnuler was obliged to devote much of 
his time while in the ol<ice> to the perfection of plans for explonitions 
in northern Alaska, and l(»ft for the tield in Februarv. 

For assistiince rendered and for oiHMi-handed hospitality and many 
courtesies the members of the ex]M»dition are indebted to Captain 
AlH*rcrombie and other otlic(»rs of the Army at Valdes, to Mr. R. F. 
McC'lellari and his asstwiates of the Chitina' Mining and Exploration 
Company, to many prosp<»ctors met upon the trail, and to the settlers 
in Prince William Sound. Thanks are also due to Mr. Shepherd, 
agent of the Pacitic Steam Whaling Company at Orca, and to Messrs. 
tl. tl. Hatuian and M. (). (iladhaugh, at P2Ilamar, for accommodations 
while waiting for the home-bimnd steamer. 

The fossil d(*terminations have been made bv Dr. T. W. Stanton. 
TIm' coal and oil analyses, togethi»r with minenil and rock tests, have 
been nuule in the chcMuical laboratorv of the Survev, and the assavs of 
gohl, silvtM*, and c'opper by E. K, Hurlingjime & Co., of Denver, Colo. 
Valual»le assistance has been rendered by Mr. Waldemar Lindgren, of 
the Survey, in the determination of the principil rock tyiKvs by means 
of the microscope. 

In conclusion, thanks are due to the packers and other members of 
the party for constant etliciency under trying conditions. 

ITINKKAUY. 

Sfttff/i' to rf/AA.v, The CopjHM' River expedition of the United 
States (leological Survey left Seattle on the 5th day of June, ItHK), on 
the steamer A!nrAv/f>/*, and arrived at Valdes on the 12th, landing with 
horses and pn^visions on the IHth. It was rejHU'ted that nuu'h snow 
still ivnuiineil on Thomson Pass, and it was found that it would be 
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two weeks before it would l>e possible to cross with horses. Mr. 
Sc^hi-ader therefore took the opportunity to go to Orm and Eyak and 
arrange for a steamlK)at to assist in the work planneil for the autumn 
in Prince William Sound. Several days were consumed in arrang- 
ing the outfit and repacking the provisions in such form that they 
could ha transported by pack horses, after which the work of carry- 
ing eveiything up Lowe River was ]>egun. Meantime Mr. Gerdine 
measured a base line on the l>each near Valdes and started his triangu- 
lation. In view of the delay in getting into the interior, he decided 
to continue the triangulation down Port Valdes as far as practiaible, 
and succeeded in carrying his work toRoi^ky Point, at the eastern side 
of the entrance to the inlet. Returning, he joined the main party on 
June 30 at Camp Comfort, al)out V2 miles ivom ValdCvS. 

Viildiis to ih*' Kofi<!na^ frail. — On .July 8 the last of the provisions 
had been carried to the foot of the steep trail leading to Thomson 
Pass, and on this date Mr. Schrader returned. The next dav the 
entire party went over the pass and camped at timlK»r line, alnnit a 
mile alx)ve Station No. 3 of the Army expedition. At the time of 
passage the snow was still from 3 to 4 feet deep over a portion of 
the flat-h'ing ground on the north side of the sunnnit, and it was all 
that the horses could do to make their wav across the soft snow. 
However, there were no accident^s, and all of the materials were 
brought across within the next few days. Meantime opportunity was 
afforded to study the glaciers, and, to a limited extent, the geology of 
the neighboring region. 

From Station No. 3 the trail was very open and for the most part 
good as far as the head of Kanata River. A few geological observa- 
tions were made — enough to indicate the general structural uniformity 
of the region — and notes were made upon the j)hysiography and past 
glaciation. Good bridges were found over the Tiekel and over 
Stuart Creek. 

The first serious difficulties encountered were in the headwaters of 
Kanata River, where it was necessarv to ford the stream, which is a 
swift mountain torrent. However, this was accomplished in safety, 
as was also the crossing of Fall Creek and Ernestine Creek. Beyond 
the head of Kanata River the trail became difficult, owiiig to the 
swampy nature of the broad, low divide at the head of the South F'ork 
of the Tonsina. Here progress was necessarily slow, and the work 

* Most of the names* of drainage features in the Copper River region are of native orJKin, and in 
the various rei>orts on explorations of the region these names have been sp*rlle<i in a variety of wayti. 
By most writers all rules of phonography have been avoided, while others have ummI, unni'<*essarily, 
cumbersome siwllings. Thus the main tributary of Copper River has been given as foll<iws: (!hit- 
tyna, Chittena. Chittenah, Chitena, and Chitina. The last sp<.>lling is hen» adopti'<l iMM-auH* it is the 
simplest way of rendering the name as pnmouncefl by the Indians who live at it** juiwtion with 
Copper River, which they know as Atna. In onler to rea<*h wmie uniformity in th«' •«iM'lling of 
various names having the same ending, the wonl Chitina has l»een taken as a tyiH', and su<*h luimus 
a^ Klutina and Chetitochina spelled with an i instead of with an e. 
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was extremely trying to both horses and men. This part of the trail 
has since been abandoned for a dner route farther to the east. Before 
the party left Ernestine Ci'eek it was decided to proceed as far as Cop- 
per River with a single load. All the remaining material was cached 
and a man was left in charge. By pr(x*eeding in this manner it was 
possible to move every morning, and in this way Copper River was 
reached on the 17th and a camp was established on the broad delta of 
the Tonsina, where there were several native huts and a good log cabin 
built by the Copper River Exploring Company. From this camp all of 
the materials which had been brought were ferried across the river 
in boats which the natives had procured from prospectors in 1898. 
While this was being accomplished Mr. Schrader took the opportunity 
to search for the rock specimens that he had lost in 1898 in attempting 
to cross Tonsina River about 8 miles above its mouth. Reports had 
reached Valdes that these specimens had been washed out upon the 
bank of the river and had been found by a native and left hanging in 
a tree near the stream. Unfortunatelv he was not successful in his 
quest. Mr. Spencer went, in compan}' with two native boys, to the 
mouth of Chetaslina or Liebigstag River, where he crossed Copper 
River and ascended the Chetaslina a distance of 5 or 6 miles to deter- 
mine the character of a lava flow which had been noted in looking 
across the basin from the west. By the time he had returned, on the 
20th of June, the party was ready to continue its march. 

The head packer with nine horses had returned to the Ernestine 
cache, leaving the main party to proceed with eleven horses. This, of 
course, necessitated doubling the ti*ail. On the 24th everything had 
been brought up to the Kotsina trail, which is the route to the head- 
waters of the river of the same name, and has been followed bv natives 
for manv vears. 

Kotsina Rirer and Strehia Creek. — At the Kotsina trail Mr. Schra- 
der, with Mr. Witherspoon as topographer, left the main party to 
investigate the copper deposits in the Kotsina country, carrying the 
observations across from the head of Clear Creek to Fall Creek and 
from the head of Kluvesna into Surprise Creek, while the horses in 
each case were sent around by the valley trail. From Suiprise Creek 
the party proceeded down the east side of the Kotsina to Rock Creek 
and down to Copper Creek, thence up Pass Creek and through the 
head of Rock Creek to the head of Strelna Creek, which flows into 
the Kuskulana, and down the Strelna to where it is crossed by the 
main trail at the base of the mountains and edge of the plateau. 

Kot^!)Ht trail to Chitina River, — On the 24th the main party, in 
charge of Mr. Gerdine and accompanied by Mr. Spencer, proceeded 
along the main trail, and since, with the reduced number of horses, it 
was necessary to make three trips, sufficient time was afforded for a 
fairly good examination of the geology within the 5 or 6 miles of the 
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route which, from the crossing of Kot^ina River, lies along the liase 
of the mountaiiLS. Ku^kulana River was reached on Juno *2\K and here 
several days were spent in olisen'inj; the topographic and geoli^ic^al 
features of the region. In the nieantiiue the pack train had returned 
from Ernestine Creek, and on August 5 the uniteil party moved ahead, 
camping above timber line }>eyond the divide i>f Kuskulana River. 

While camptKl in the vicinity of I^kina River several side trip> 
were made to complete the triangulation and fi>r gei>logicjil ol>ser\"a- 
tions. The pjuk train was sent by a new tniil which had Ihhmi cut by 
the McClellan party down the Lakina and around the luise of the 
mountains to Kennicott River. A detached party, however, went 
over the old trail which crossed the mountain and reached the Kenni- 
cott Valley sevenil miles al>ove the foi^t of the glacier. 

After crossing Kennicott River on the lower end of the glacier a 
Ciimp was established on McCarthy Creek. al>out 4 miles alxne its 
mouth. The toi>ogi"apher aFid ge<ilogist made a side camp near Kenni- 
cott River and the geologist s|)ent two djiys in studying the region 
east of the gbu-ier. On the 24th a side i^amp was made ujx^n the 
mountain side west of McCarthv Creek, and on this dav Mr. Schnider 
reached the main camp, after an al>sence from the party of alx)ut three 
wcK^ks. On the 2«'»th the gtH)logists and tojx)graphei-s with their assist- 
ants cjmipe<l together at Nikolai City, a name which has Invn given to 
tlit^ i-amp of the McClellan party who were engaged in developing tlie 
Nikolai mine. Several of the most pleasant incidents of the sunmier 
campaign were connected with the interchange of courtesies l>etween 
our party and the memljers of the McClellan party. 

After bringing up all of the outfit to the McCarthy (Yeek camp, the 
packers choppt»d a trail through the woods to NiziFia River, and here 
they were joined by the detached parties by the time they had brought 
up all of their loads. After obtaining a supply of provisions. Mr. 
Spencer went to the head of Nizina River, while Mr. Schrader and the 
topographers visited the high region lying l>etween the Nizina and 
the main fork of the Chitina. In the meantime the supply train had 
fordinl the Nizina at a point al)out 12 miles al)ove the mouth of Ken- 
nicott River. 

All of the meml)ei*s of the expedition, with the exception of Mr. 
Witherspoon and one man who was with him, assembled near the 
forks of the Chitina on September 8. Here all hands were engaged 
in separating the provisions for the outgoing |)arties and in packing 
sjx?cimens and photographic films to send to Valdes by the returning 
pack train. 

Plan^ for rrtunu'fH/ to tJw inMiM, — It was divided that Messrs. 
Schrader and (rerdine, with three men. should attempt to travei-se the 
unexplored region between Chitina River and the sea, making their 
way up Tana River and across the glacier and ice fields at its head 
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to the crest of the St. Elias Range and thence to the coast, arrange- 
ments having been made with the American Packing Association to 
have one of its steamboats meet the party in the vicinit}" of Cape 
Yaktag. The object of this trip was the collection of data concerning 
the geography and structural geology of the region and the investiga- 
tion of the coal and oil fields of the Yaktag and Kayak districts. 
Messrs. Spencer and Witherspoon with two men and five horses were 
to make their wa}' to Taral, the Indian village near the junction of 
Chitina and Copper rivers, over an Indian trail which had been 
reported by Mr. Edward Gates of the McClellan party, and thence 
were to descend Copper River in boats. 

The outgoing party consisted of three men and nine horses, and was 
placed in charge of Mr. Edward Brown, the chief packer. Charles 
Rae w^as to leave the party at Chitina River to procure the provisions 
and boats which had been left there, and to meet the Spencer party at 
Tai-al. 

On Septemter 12 the two exploring parties crossed the Chitina, 
ferrying their outfits in a small canvas boat which had been carried 
all the way from Valdes in anticipation of such a necessity. This 
craft, though but 12 feet in length, proved of the greatest service, 
since it would have been a difficult and even dangerous task to have 
carried the materials over on a mft. B}' this time the horses had 
had sufficient experience with the swift glacial streams of the country 
to cross them without difficultv, even when it was necessarv for them 
to swim a considerable distance. 

On the evening of the 12th Mr. Witherspoon joined the Spencer 
party, after a difficult trip in the upper drainage of the Chitina, and 
on the 13th the party crossed Tana River, starting from the west side 
at about 9 a. m. On the same day the Schrader party, after assuring 
themselves of the safe passage of the other party across the river, 
took up their march along the east side of the Tana. 

Tnj) to Tana Glacier, — The Schmder party started up the eastern 
bank of Tana River on the morning of September 13 and proceeded to 
a point approximately^ 25 miles above the mouth of the Tana and about 
5 miles above the foot of Tana Glacier and timber line. Here the 
unexplored and deeply crevice-riven glacier, estimated to have a 
length of about 40 miles, mantled with a sheet of freshly fallen, loose 
snow several feet in thickness, and the beginning of a heav\v snow- 
storm on the 17th which lasted several days, led to the conclusion 
that it would not be practicable to carr}- the work out across the glacier 
and the coast range to the sea so late in the season, especially when 
but eight days remained in which to do the work and catch the boat at 
Cape Yaktag. This detachment accordingly returned to a point near 
the mouth of the Tana and followed the trail of the Spencer party to 
Taral, whence, after making a mpid descent of Copper River to the 
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coming down the river. Two of these proved to be the ones left at 
Tonsiua River, and contained the fifth man, with the provisions. The 
boats were manned by natives and had several families as passengers. 

The next two days were spent by the geologist in studying the 
exposures along the lower part of Chitina River and endeavoring to 
locate the copper deposits which had been reported in the neighl>or- 
hood of McCarthy's cabin. In this last quest he was not successful. 
The topographer busied hhuself in laying out a base line upon a 
level sand bar above Taral and in commencing a new triangulation. 

On the 29th one of Schrader's men reached Taral with a message 
saviFiK that thev had been unable to cross the coast ranyfe because of 
heavy snowstorms and asking that a boat be procured for them. This 
was done, and on the 1st of October they overtook the Spencer party. 
Of the provisions which were to take them to the coast there were 
about live days' i-ations remaining, and it seemed that it would be almost 
necessary to make a common sto<'k of all the provisions left. Fortu- 
nately, however, a sack of flour was obtained from a native, and this 
made it possible to carry on the survey down Copper River as origi- 
nally planned. 

Taral t^i Orca. — On the 2d of October, about 3 o'clock, the survey- 
ing party, which had been increased to six men, left Taral in two small 
boats, making two stations that afternoon. It was followed by the 
other party within a few hours, and |mssed early in the evening. The 
surveying party carried on its work from day to day, suffering minor 
delays from cloudy and rainv weather. The survey was carried on bv 
triangulation when the weather and the character of the topography 
permitted, while at other times stadia methods were employed. On 
acxjount of the small supply of provisions and the fear that the river 
might freeze before the party could get out it was impractica}>le to 
take more time than was absolutely required for continuing the survej-. 
For these reasons the geological observations were confined to the 
immediate vicinity of the river. The party arrived at Alaganik on 
the evening of October 12, with provisions reduced to less than one 
day's rations. At this place supplies were obtained and the party 
remained for several days on account of stormy weather, it not l>eing 
deemed advisable to venture into the open ocean until calm weather 
should ensue. This wait allowed of the examination of the gold prop- 
erties which had l>een discovered in the vicinitv of McKinlev Lake, 
near Alaganik, and on the 15th the survey was carried to the mouth 
of Alaganik Slough and there connected with one of the monuments 
of the Coast and Geodetic Survey. 

At Alaganik a sail lx)at was chartered to take the. party to Orca, and 
on the 14th it made its way from the mouth of Copper River around 
Cape Whitshed, but got only as far as Eyak because of calm weather. 
Here the party arrived several hours after dark, having rowed the 
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before continuing his journey northward to Tanana, Yukon, and 
Koyukuk rivers. In 1884 Lieutenant, now Captain, Abercronibie 
ascended Copper River to the vicinity of Miles Glacier. In 1891 Dr. 
Hayes, of the IT. S. Geological Survey, and Lieutenant Schwatka 
crossed Skolai Pass from White River and descended the Chitina and 
ij Copper to the ocean. 

During the summer of 1898 an attempt was made by many pros- 
*j pectors to reach the interior by means of Copper River, but of the 

• seveml hundred men who attempted to pull their outfits up the stream 

11 in boats there were onl}- a ver}^ few who reached Taral, and these spent 

practically the entire summer in the eflfort. During the same season 
many who had built boats on Klutina and Upper Copper rivers 
descended the lower river in them, and all but a few reached the coast 
in safetv. 

In winter there are always high winds in the lower part of the 
river, against which it is almost impossible to make headway, and 
the diflSculties encountered in ascending Copper River during the late 
winter before the breaking up of the ice, or later, when it is necessary 
^1 to employ boats, make it impossible to suppose that it will ever become a 

1} practicable way of reaching the Copper Basin. It will, however, always 

be available for those who wish to move rapidly in getting out of the 
country, since the difficulties it presents for boating are not insur 
mountable, the principal one being a portage of about 3 miles at the 
rapids just above Miles Glacier. 

Valdes Glacier rmde, — ^The main traveled route from the coast to the 
interior during the season of 1898 was the one leading from Valdes by 
way of Valdes Glacier to Klutina River and descending along that 
][ stream to Copper Center, at its mouth. From this point travel was 

ii comparatively easy in all directions. The full description of this 

route is copied from the report of a reconnaissance of the region made 
in 1898 bv F. C. Schrader:^ 



Starting from Valdes the trail leads 4 miles northeast, with a very gentle rif»e over 
{ the delta gravels, to the foot of Valdes Glacier, thence about north for 18 miles up the 

glacier to the summit, which is 4,800 feet high. The glacier vi broken or transversely 
marked by four or five successive long benches or terraces, from one to the other of 
which the rise of 100 feet or more is usually sharp and sometimes difficult, the topog- 
raphy of the ice being very rugged, with crevasses, ridges, and turret^?. With the 
exception of these l^enches, the ascent from the foot of the glacier to near the sum- 
mit is gradual, but just before reaching the top there is a steep rise of 1,000 feet at an 
angle of 15° to 20°. The pass is guarded by two prominent |xjaks, one on each side, 
standing alx^ut a mile apart. From the sunmiit the trail descends rapidly, but 
nowhere abruptly, for a distance of 6 miles, through a canyon-like valley, to the foot 
of Klutena Glacier, which is the source of the Klutena River. 

From the foot of Valdes Glacier to the foot of Klutena Glacier, a distance of 25 
miles, there is neither vegetation, timber, nor brush, but only a waste of barren rock 

1 A reconnaissance of a part of Prince William Sound and the Copper River district, Alaska, in 1898, 
by F. C. Schrader: Twentieth Ann. Rept. U. S. Geol. Survey, Part VII, 1900, p. 365. 
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walls, peaks, and snow and ice, ho that fuel for ramping while on the glacier niUMt 
be brought from either end. From the f(M)t of Klutena (Jlaeier the trail ronlinuea 
down the north side of the river and lake to CopiH5r C'entt^r, where the cievati»)n in 
about 1,050 feet. 

During the season of 181)9 pnictically everyone who went from 
V^aldes to the interior traveled by th(» j^laeier route. Tho«e who 
went in over the snow early in 1900 also followed the name tinil, but 
during the .summerH of 1898 and iHtMi the explorations carried on 
under the auspices of the United Statics Army resulted in the dis- 
covery of a more practictable route for sununer travel, and many 
returning to the coast in the autumn of IHW employed the new trail, 
leading from the head of Tonsina River, by way of Kanaka and Tiekel 
rivers and Ptarmigan Creek, to Thomson Pass, which lies betwe^^n the 
Copper River di-ainage and L<jwe River, flowing into Valdes Inlet. 
In the summer of 1900 this route l>ec*ame oj>en with the disapiM^arance 
of the snow upon Thomson Pass, late in the month of June. After 
that date several expeditiouj>s including tliat of the (jrex>logical Hurvey, 
went into the interior by this route. It was also employed by the 
army pack train engaged in tnins]>orting supplies to the nien who 
were extending the trail toward Cop|>i^r River and Mentastii Pa»s. 

TfjJtriu/441 roat^. — Somewhat to the east of Thomson Pass there is a 
low divide which has been naaied Marshall Pass. This lies l>etween 
the north fork of Lowe River and the head of Tasnuna River, which 
joins the Lower Copper about midway in it*> <M>urse to Taral on the 
coast. The Tasnujm was explored by the S<.hradt>r jMity in J 89b and 
reported to ^je a feasible line of travel as far as (>>pjx*r River, but 
from its mouth to Taral thei^e is no real ti*ail. and the jiver is {^ss- 
able onlv in winter or at low water, when ^>oats mav l>e cordelU^ 
by walking along tbe lianks and river Ijars. The diliiculties of build- 
ing a tJiul along the sides of the i^uyon would J>e s^v\ great, and it 
is not probable that this route will Ije geneiully foliow^.d. Jiowe\'er, 
for reai-hing the Bremner River jegion it is probably the easit»st route 
at all times except during low water in <>ctoJjei'. when it 1^ j><jssibh' to 
travel with comfm.i*ative ease between this region and the trading ]X)st 
at Alaganik, neai* the mouth of Copper River. 

Tlt^. MUltiiry frail. — During the seasons of 1898 and 1>»99 iseveiul 
expeditions, under the direction of Captain Aljercrombie. weie engaged 
in exploring for a feasible route between V'aldes and the interior, with 
the intention of locating a tmil to be built to Chopper River and thence 
to the Tauana. bv way of Menta^ta Pass, with the idea of eventually 
extending it as far as Kagle City, on the Yukon, and thus affording an 
all- American route from the i^oast to the Yukon, and telegraphic com- 
munication both with the river settlements and with the military po8t 
at St. Mi<*ha*4. The result of these explorations was the dijjcoverv of 
Thomson ¥i\^ and tlie comparatively easy line of tmvel by way of 
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Lowe River, Tsina and Kanata rivers, and Mosquito Creek. It was 
first planned to carr}- the trail from the Kanata across the range north- 
ward to the valley of the Tonsina, but the present route is down 
Mosquito Creek in dry weather, or along a drier route passing some- 
what farther east, by wa}^ of Kimball Pass, when the ground becomes 
soft. In either case Tonsina River is crossed several miles below the 
junction of Mosquito Creek, and thence the trail runs northward, 
crossing the plateau to Copper Center, at the mouth of the Klutina. 
In 1898 the trail was open as far as Dutch Flats, in the upper part of 
Lowe River, and during 1899 it was extended to Copper Center. 
From Valdes to the head of Kanata River the timber was chopped out 
to a width of 30 feet, and bridges were constructed over the principal 
streams. During the summer of 1900 work was continued and the 
trail was completed as far as Taslina River. Klutina River has been 
bridged, and ferries will be established across all of the principal tribu- 
taries between this and the Chestochina. Besides the actual construc- 
tion of the trail a telegraphic line is proposed and has been completed 
between Valdes and a point on the Tsina River. 

The establishment of the Military trail has been an important factor 
in making the Copper Basin available to prospectors and others desir- 
ous of investigating the resources of the region, and while at present 
portions of it would be considered as very bad by those who are not 
accustomed to traveling in such unfrequented regions as abound in the 
Territory of Alaska, without this trail transportation of supplies for 
prospectors and exploring parties would be well-nigh impossible. 
The greatest difficulties to be overcome are the swift and treacherous 
glacial streams and the soft, swampy ground which exists over much 
of the route; but with the destruction by forest fires of the timber 
along the line of the trail, and the construction of drains and such addi- 
tional bridges as would naturally follow the continued use of the trail, 
constant improvement may be expected. 

Late in the winter of 1900 many of those having interests in the 
interior transported their supplies by means of trail sleds drawn bj^ 
horses over the Military route rather than by the shorter, though 
more difficult, glacier route, and it seems probable that the latter will 
eventually be abandoned in favor of the former. 

Tonsina trail. — A good trail is reported from the vicinity of Tonsina 
Lake, along the northern bank of the river as far as the military 
bridge, and from here native trails are reported on both sides of the 
river, extending as far as Copper River. So far as known, the trail 
on the south side has not been followed by white men, but that along 
the north side of the river was opened in 1899, and forms a very easy 
line of travel from Tonsina bridge to Copper River, on the banks of 
which it comes out at a point about a mile below the mouth of Chetas- 
lina River. From this place a native trail leads along the bluffs of 
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the Copper to the delta of Tonsina River, but this has Iven almndoned 
by thoj!»e who have had otvasion to traverse the ivcrion, and a new trail 
has been cut through the woods somewhat back from the river. 
Either of these trails, however, is entirely practii^ble. 

Toniihm RiCtr i4i TaraL — Crossing Tonsina River near it« mouth, 
an old native trail is found on the south side, which mav l>e followed 
without difficulty and which was choppeci out for the greater part of 
its length by the Schrader party in 1898. Al>out 8 mile^ lx»low Ton- 
sina River it enters a valley parallel with Copper River and lying l>ack 
from it a short distance, and follows along its course as far as Oostina 
Creek, just above Taral. From this point a trail is reported leading 
from Copper River and crossing the range to the head of the Kanata, 
but no definite information concerning it is at hand. 

From a point opposite Tonsina River there is a well-marked native 
trail which has been chopped out by prospectors in that part of its 
course where it lies in the timber. This trail extends to the mouth of 
the Chitina and is entirely practicable, although it l>ecome4S somewhat 
dangerous at high water, since in several places it follows the clay 
banks which rise steeply from the river. On one occasion a hoi*se is 
reported to have slipped into the river and to have been lost. Cix)ss- 
ing Chitina River, which is probably fordable at low water, a trail is 
found running to the village of Taral and thence for seveml miles down 
the river, following the bank of the canyon. 

Tonsina River to Copper Center, — From Tonsina River at a ix)int 
about 6 or 8 miles above its mouth the trail of the Schrader party may 
be followed to Copper Center, although the route is reported as a very 
difficult one. From the Indian settlement at the mouth of the Tonsina 
there is also an Indian trail leading northward. It may be followed 
without difficulty as far as the Indian huts opposite Chetaslina River, 
but above this it is reported as impassable for horses. 

Ilanagita trail. — From the Indian village of Taral, below the mouth 
of the Chitina, there is a well-tmveled Indian tmil leading back into 
the depression which has been named Hanagitji Valley, and which runs 
parallel with the course of Chitina River and at a distance of 10 to 15 
miles from it. This trail was traversed by surveN'ing parties during 
the autimm of 1900. From Taral the trail has a general easterly 
course, passing over the mountains lying between the angle of Chitina 
and Copper rivers and reaching a pass at an elevation of about 8,000 
feet, thence circling about the high mountiiin east of the lower end of 
Wood Canyon and coming out into a flat divide between the waters 
which drain into the Chitina and those having their rise in the Ilana- 
gita Valley and flowing to the Copper. After a sharp descent of about 
1,500 feet from this divide to the creek bed, the steepest and most dif- 
ficult portion of the whole trail has been passed, within a distance of i) 
or 8 miles from Taral. From this point the tmil has a pmcticiilly 
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straight course, and may be followed with ease across Tebay, Klu, and 
Chitina rivers, and thence to Tana River, which it reaches alK)ut 5 
miles above its junction with the Chitina. The route is a compara- 
tively open one, and the country traversed affords abundant forage for 
horses. Through the timbered portion of this region the natives have 
cut out the trees and bushes, so that the tmil is well marked. Any 
difficulty found in following the usual lines of travel will be in swampy 
ground, where the natives are accustomed to pick their way and return 
to the course when the ground becomes harder. 

In attempting to find this trail, which had been reported by pros- 
pectors, we were aided by directions given by Hanagita, the present 
chief of the Taral Indians, but the main traveled route was not discov- 
ered until Chakina River was reached. The intermediate ground 
between the Tana and the last-named river was traversed over an inde- 
pendent route. For an}'^ who should subsequently travel this trail it 
would probably be better to keep as nearly as possible to the line 
traveled by the natives. 

At a point about 25 miles east of Taral a trail leads off toward the 
north, and is reported to connect with the trail crossing Chitina River 
about 7 miles above the mouth of the Nizina, and striking across to 
that river to join the trail which is known to follow the eastern bank 
of the Nizina as far as Nikolai House. This is the route known as 
the Nikolai trail, and is the one followed by Edward Gates in company 
with a native who guided him to the Nikolai mine in the summer 
of 1899. 

By means of these two Indian trails the upper part of the Chitina 
drainage is easily reached from Tai-al, and should the route which is 
reported to exist from the head of Kanata River to Taral be discov- 
ered it would be very easy to reach the southern side of the Chitina 
Basin with pack trains. Also, should it be desired to prospect or 
explore in the region south of the Hanagita Valley, a region dmined 
by streams of considerable length, well timbered, and of comparatively 
easy access, this country could also be reached by means of the Hana- 
gita trail. It is supposed that these streams running into Chitina 
River head against Bremner River. 

Kotslna tralL — About 3 miles bek)w the mouth of the Kotsina, on 
the east side of Copper River, there are some Indian huts, and here 
the Indian known as Bellum has his residence. From this place there 
is a trail running in a southeasterly direction to the Kotsina at a point 
where it comes out of the mountains, a distance of 9 miles from Copper 
River. From this point it extends up the Kotsina to the glaciers at 
its head, and branch trails run up the various tributjiries of the river. 
One of these branches follows Rock Creek toward the south, and by a 
pass about 4,800 feet in height makes its way into the southern fork 
of Strelna Creek, from which place it may be followed to the main 
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Chitina trail, which crosises Strelna Creek a nhort di>*tanee Inflow 
the point where it emerge)*^ from the high luountaiius. 

Ttalh to the Xlkofai mtne. — The tirHt route followcnl by pat'k trainn 
between Ton^^ina River and the Nikolai mine wan bv wav of the trail 
alread}^ deeeribed. down the eajst Hide of the Copper to the mouth of 
the Cliitina and thenee to McCarthy's cabin. al>out 8 mile*» al>ove it« 
mouth. At thi« point the trail left the river and, striking across coun- 
try, reached Strelna Creek, which it followed nearly to where it emerges 
from the mountains. Here it joined the Strelna trail, which has l>een 
described in the preceding paragraph, and the main Chitina trail a^ 
now used. 

Lhiring the summer of VSf^) the prosjjectiug jjarty o{>erating under 
the direction of Mr. K. F. McClellau turned their attention to i?hort- 
ening the trail l>etween the Tonsina and the Nikolai mine. They 
chopped a way thn>ugh the timl>er from a {>oint opposite Tonsina 
Kiver to a point on the Kotsina trail al>out 'jt^ miles from CV^pper Ki ver, 
and theniie followed a dinx-t route to the )x;iut on Strelna Creek where 
the old trail turns si>utheai!Jtward. i-rossing the Kots^ina alK>ut ^ 
miles alx)ve its mouth. From Strelna Creek the route lies along the 
timbered plateau and in places follows an old Indian trail. Kuskulaua 
Kiver was originally crow!jed upon the lower end of the gla<-ier. but 
during the summer of 1^.»1 this route ^iecame impra4'ti<:abie owing to 
changes in the draijiiage of the glacier, and it Jiecame ne<:e*>isary to ford 
the river. The usual fording place is aljout :i\ miles l>elow the ^-nd of 
the glai^-ial streauu but the ford i^ constantly changing tbrough shift- 
ing of the Hand and gravel. The route from Copper Kiver to the 
Kuskulana ir? a comparatively easy one: the diliicultie.'^ whi<;h are 
encountered are thoM- attendant upon t^A\ ground, but by burning the 
timber along the route tbifr feature will Jje very largely oven-ijm*-. 

After rrot^King the Ku^kulana (ila<*ier tb«^ trail a.M-^'nds a x->niewhat 
difficult gulch to a pa^M^ at a^njut -j^o^f** fe^-t. and thence coutinu*'> by a 
comparatively easy grade acrof>fr Choko.>na (.'r»^k to Jjakina Ki\er. 
From thi»- pla<*e there are two routes. The c»ld on*. It^diug a4r<j» the 
range, reaches the valley of Keuui<x»tt Kiver m»\ eral mUe^ a'?x»\ ♦- the 
foot of the ghu'ier. It i> a steep and dltti«*uJt trail and i> now uljuudMnt*d 
in favor <»f a rout** which follow^ down the west >ide of the l.«akina. 
which it crof*M.> just Jjefore it leaver thn mountain.**, and. a^tMid- 
ing i»n the eastern sid*\ follow^ the plateuu around the tm^^e «.»i the 
mountain^. rea<*hej* Kennieott Kiver just l»eK»w the glaeier. and ••i\»?s>es 
upon the foot of th»- moraine. From Kuskulana Kiver to the Kmaii- 
cott i^ |ierha|>^ the most difli<'ult portion of the wb<.ile linil. >ini.f the 
gi'ound 'i> swampy throughout ahnost the whole distaiH.**-. anti after 
the thawing of the ground it beeome> very dithnilt for hor>e> t** «-arry 
txinsiderable load> ovf-r it. 

From Kennieott Kivei* tlie imil lead- up MeCurtLy (reek. whi«*h 
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stream it crosses several times below the mouth of Nikolai Creek, 
coming in from the east. FoUowinj^ up this stream, it ascends to the 
Nikolai mine, which is located at an elevation of approximately 4,600 
feetp It is possible to travel with horses eastward from the Nikolai 
mine across the divide into the drainage of Nizina River and to 
follow this river as far as the glacier. Also, doubtless, Chitistone 
River could be ascended for a considerable distance, probably to within 
a few miles of Skolai Pass, which is reported to^be more easih' reached 
from the Chitistone than from Skolai Creek, which joins the Nizina 
sevei^al miles higher up and above the foot of the glacier. 

Routes east of Nizina Rlvet\ — In order to reach Chitina and Tana 
rivers during the exploitations of 1900, it was necessary to cut a trail 
from a point about 6 miles above the mouth of McCarthy Creek and 
across the inter\"ening low mountains to Nizina River. While this 
was being done by the camp men, the geologists in charge, and the 
topographers made their way into the countr}' lying between Nizina 
and Chitina rivers. No diflSculty was found in traversing this region. 
There are native trails following the principal streams. From the 
Nizina the trail was carried to the Chitina at a point just above the 
junction with Tana River. Above this point the Chitina Valley was 
traversed for a distance of 15 miles, and with horses it would be possi- 
ble to go a considei*ably greater distance. A trail was also opened 
along the eastern side of the Tana as far as the glacier at its head; and 
from the Tana, which was crossed about one-half mile above its mouth, 
a trail was cut to Chakina River and up the western fork of that 
stream until the native trail, which has been named for Chief Hana- 
gita, was found. 

MUlard trail. — The Millard trail follows an old native route from a 
point on the Copper opposite the mouth of the Klutina up Klawasina 
River and thence along the base of Mount Drum, and, crossing San- 
ford River, reaches Slana River bN' a route lying at some distance 
from the Copper. Throughout this distance the trail is said to be well 
marked and comparatively easy for horses. The Millard trail is the 
shortest route from Copper Center to Slana River at Mentasta Pass. 

Chestochiva trail, — A route of travel which has been followed for 
several years runs along the western bank of Copper River from 
Copper Center to Slana River and thence to Mentasta Pass, aifording 
an alternate route with the Millard route to the Tanana and Yukon 
resrions. This trail has Ijeen considered more difficult than the Millard 
trail because of the size of the rivers which it has to cross: however, 
it has been deemed the most feasible route for the Military trail, and 
it is the purpose of those having the matter in charge to extend the 
trail as far as the middle fork of Chestochina River and ascend this 
stream for a considerable distance before turning to the right and 
reaching Mentiista Pass. The geneml line of travel for those who 
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have explored the Upper Chestochina has been to the mouth of the 
river and thence along its left bank to the headwaters. 

From the upper part of Chestochina River it is comparatively easy 
to reach the route which has been followed from Coiok Inlet across the 
great Matanuska Plateau to the head of Delta River and thence to the 
Tanana. 

Before the end of another season the construction of the Military 
trail will doubtless have been completed as far as Mentasta Pass, and 
much of the danger attendant upon crossing the swift glacial streams 
north of Klutina River will be avoided. 

Coppei* River to the Nahesna, — ^The following description is taken 
from a report b\' Oscar Rohn:* 

From Batzulnetas a good trail leads in a general southerly direction for a dis- 
tance of about 10 miles, where it forks, leading by three different passes to the 
Nabei?na River. These are all feasible for horse trails, and each is advantageous 
according to the point on the Naljesna that is to be reached. The western one, by 
way of Lake Tanada, was used by prospecting parties traveling with pack train dur- 
ing the season of 1899, and the central one was used as a sled route. The eastern 
one, however, is the most practicable and the easiest, particularly for reaching the 
trail from the Nabesna to the Tanana and White rivers. The western one, which 
was traveled by pack trains, is well marked up, but the others are difficult to follow 
and require guides. 

The trail from the Nabesna to the Tanana leads to one of two passes. The northern 
one, the most direct and the one used by the natives, is not feasible for pack horses, 
while the one a little farther south is. This is the only part of the route that offers 
any difficulty whatever for railroading, but the difficulties are not such that they 
can not l>e readilv overcome. 

Copper River to the Tanana, — From Copper River there are several 
trails leading to the Tanana, and thence to the White River and Yukon 
regions. From the vicinity of the mouth of the Slana there are four 
routes acros.s the mountain range; two of them lead to Mentasta Pass, 
as does also the proposed Army trail, while the others trav^erse the 
range in [msses farther to the southeast, the first of which is known as 
Suslota Pass, while the second is as yet unnamed. All of these routes 
have been traversed h\ prospectors and are reported to offer no 
extraordinary obstacles to travel with pack trains. 

CJEOGRAPHY. 

The Prince William Sound and Copper River district, taken as a 
whole, lies at the head of the Gulf of Alaska, where, roughly consid- 
ered, it forms an inverted keystone of the great arch or crescent of 
the coast line. It is limited, in a general way, by parallels 60^ and 
f>3 north and meridians 142^ and 149^ west. Its outline is quadrilat- 
eral, or roughly that of a truncated isosceles triangle, the base coincid- 
ing with the sixtieth parallel. Its area is about 55, (MX) square miles. 

J A rec(»nnai«.»^ince of the Chitina River and theSkolai Mountains, Alaiika: Twenty-tirst Ann. Kept, 
r. S. <ieol. Survey. Fart II. 19()l, p. 417. 
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It i:^ bounded on the noi'th and on northeast b}' the basin of the 
Yukon, here represented by the Upper Tanann district; on the east by 
the Upper White River district, and on the northeast by the St, Elias 
Mountains: on the south by that part of the North Pacific Ocean 
known wi the Gulf of Alaska, and on the west, bf-ginninjr at the north, 
by the Sashitna River district and Kcnui Peninsula. 

From near Mount St, Elias a broad belt of siiow-cappi'd mountains, 
5,0'lO feet high, concentrically follows the crescent of the const line 
westward and southwestward to Kenai Peninsula, where the moun- 
tains descend to the sea. In the northeastern part of the district 
the local but somewhat noted group of mountains of which Motmt 
Wi-angell is the highest peak rises to a height of more than 17,000 feet. 

The drainage of the district, which is separated from that of the 
Yukon on the north by the Alaskan Mountains, is all southward, 
directly to the coast. The master stream is Copper River, which flows 
southward through the district. It breaks through the Chugach 
Range in a long, mountainous canyon, and soon after debouches over 
its large mud-flat delta into the sea. 

TOPOGRAPHY. 

Pi-inm ^V^^liam Sound.— To the body of water, with its islands, 
which is now known as Prince William Sound, the name "Chugach 
Gulf" was formerly applied. The tenn iwimd is not correctly applied 
to a body of water of this description, but rather to a strait of large 
size, and while ffulf is preferable, since it indicates a large l>ody of 
water lying within a curving coast line, the geographic term which 
best fits the conditions is archipelago. However, common usage can 
hardly l>c changed at this time, and the inner, island-studded portion 
of the Gulf of Alaska will continue to be known as Prince William 
Sound. 

The number of islands comprised in the area is approximately fifty, 
and for the most part they rise abruptly from the water to a height 
which is usually between 1,000 and :i,lK)0 feet, but in some cases their 
summits reach above 3,000 feet. The interior of Prince William 
Sound forms a Iwsin that is almost entirely landlocked, being shel- 
tered from the ocean on the south by Hawkins. Hinchinbrook, and 
Montague islands. The islands of the archijjeli^jo'show a general 
linear arrangement, which is roughly parallel with the course of the 
peninsulas between the fiords which cut back from the more open 
water into the Chugach Mountains. 

Montague, Hinchinbrook. and Hawkins islands cut olT the waters of 
the sound from the open gulf, and. with Knight and Fleniming islands, 
form the five principal land areas of the archi]>elago, Montague Island 
is approximately 45 miles long and has an avenige width of from to 
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7 miles. Hinehinbrook alone, of the larger islands, has approximately 
equal dimensions of length and breadth, but it is divided by a medial 
valley into two linear parts having the same genenil trend as Mon- 
tague and Hawkins islands. The latter has a length of al)out 18 miles 
and an average width of 4r miles. These three outer islands have a gen- 
eral northeasterly trend, and as they separate the waters of the sound 
from those of the open gulf, so the line of islands beginning with 
Latouche and running in a more northerly course to the mainland 
upon the western side of Port Valdes divides the waters of Port Wells, 
with the adjacent bays and inlets, from the outer portion of the sound. 
Flemming Island, lying west of Latouche, is not less than 18 miles in 
length and of irregular outline. Latouche Island is 14 miles long and 
about 3i wide. 

Islands of the second class, having their greatest dimension less than 
10 miles and more than 5, are Green, Chenega, Stamie, Glacier, and 
Bligh. 

The topograph}" of the islands is diverse without being rugged, the 
mountain slopes and summits are rounded rather than sharp, and the 
coast lines are, as a rule, simple rather than complex, though they are 
more sinuous than is shown upon the very much generalized map 
which accompanies this report. The aspect of the islands, as of the 
adjacent mainland, is that of mountains which have suffered vigorous 
erosion by moving ice, and it is believed that all of the topographic 
features of Prince William Sound are principally the result of glacial 
molding. 

Of the long waterways which indent the mainland, the principal are 
Cordova Bay, Port Gravina, Port Fidalgo, Port Valdes, Unakwik 
Bay, and Port Wells. Between these fiords there are long tongues of 
mountainous land or peninsulas which in many cases are connected 
with the mainland bv verv narrow necks. The mountains of these 
peninsulas reach an elevation of from 5,000 to 6,0(X) feet, and are often 
but little lower than the general elevation of the main Chugach Range, 
of which they are spurs. 

Copper Hirer delta, — Eastward from Prince W^illiam Sound the 
mountains of the mainland are bordered by a low area of mud flats 
having a width of from 5 to 15 miles. Across the eastern portion of 
this lowland flow Ejak and Sheridan rivers, the latter draining the 
glacier of the same name. Only a short distance from the mouth of 
Sheridan River is the westernmost slough of Copper River, the first 
of the man}' distributaries of the Copper which come to the ocean at 
intervals for a distance of over 50 miles along the coast. The lower 
course of the Copper seems once to have been a wide embayment reach- 
ing back into the Chugach Mountains, but this has been filled in by 
vast quantities of sediments brought down by the river, and the broad 
delta is the result of their deposition. 
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Chugach MoiudainH, — The Chugaeh Mountains o<^<*upy a belt, about 
50 miles in width, lying l>etween the coast in the region of Prince 
William Sound and Copper River and the interior basin of Copper 
and Chitina rivers. The name as here used applies to the western 
extension of the range, which culminates in Mount St. Elias and which 
is commonly designated the St. Elias Range. From its junction with 
the St. Elias Mountains the Chugach Range extends westward across 
Copper River and thence to the Prince William Sound region, where 
it connects with the Kenai Mountains, which have a more southerly 
trend in Kenai Peninsula. Still farther to the southwest the same 
genei*al mountainous features reappear in Kadiak Island, opposite the 
shoreward end of Alaska Peninsula, at the mouth of Cook Inlet. 

The Chugach Mountains, so far as they have lx?en tniversed, and in 
all probability throughout their extent, have been very deeply dis- 
sected by the development of a complicated drainage system, and 
while as a whole they have a general trend dependent uix)n geological 
structure, they are cut up by canyons into very irregular masses, in 
which there is at first sight but little orderly arrangement. However, 
a glance at the maps of the region shows an armngement of the deep 
valleys which is also noticeable to one who travels across the range, 
namely, the principal streams have courses which lie either practi- 
cally at right angles to or parallel with the general trend of the moun- 
tain ninge. Copper River, which is the most important stream of the 
region and which drains all but the verv minor portion that rinds an 
outlet into Prince William Sound, is an example of those rivers which 
have their general course across mountains. Its chief tril)utaries, 
such as Bremner and Chitina rivers on the east, and Tasiuinti and 
Tiekel rivers on the west, join the main stream at right angles. In 
the case of the vallev of Tasnuna River, the same course is extended 
in a comparatively stmight line to the divide which sepai*ates it from 
Lowe River, and thence down Lowe River to Valdes Inlet. 

The upper part of Copper River lies entirely to the north of the Chu- 
ga<'h Mountains, but its course is in general at right angles to that of the 
lower canyon portion of the river, and the tributaries which drain into it 
from the Chugach Mountains have courses which are directly across 
the trend of the mountains. Along the Military trail from Valdes to 
Copper River this rectangular arrangement of the dminage system is 
very well exhibited. Passing in an easterly direction up Lowe River 
to Station No. 2 the trail turns northward until Dutch Camp Flat 
is reached, then eastward to the foot of the mountain below Thomson 
Pass; thence, crossing the range, it pursues a geneml northeasterly 
course down Ptarmigan Creek to Tsina River and up Kanata River 
to the head of the South Fork of the Tonsina. From the junction 
of Tsina and Kanata rivers, Tiekel River, which is formed by their 
united waters, has a course which is at right angles to that of the tribu- 
taries, and this direction is held as far as Copper River, which flows 
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practically parallel with the line of the Military trail. At the head of 
Kanata River, Fall Creek and Ernestine Creek come in at right angles, 
and the valle}^ of the latter lies directly in line with that of Mosquito 
Creek. Again, Tonsina River has the same northeasterly course as 
the Tsina and Kanata valleNS, and joins the Upper Copper at right 
angles to its course. 

The drainage of the Chugach Mountains that reaches Chitina River 
shows this same rectangular arrangement, which is a feature that 
doubtless exists throughout the whole of the Chugach Range. 

Throughout the Chugach Mountains the interstream areas rise to 
a generally uniform height, reaching an average elevation of about 
6,000 feet. Occasional peaks rise above this elevation, but in general 
the mountain summits would fall into a somewhat undulating plateau 
about 6,000 feet above the sea. In the discussion of the development 
of the topography of the region, which is given in another place, it will 
be shown that these mountains have probably originated by the dis- 
section of such a plateau, which reached its present altitude by means 
of several uplifts from an original position near the level of the sea. 

Copper Bashi, — Copper River rises on the eastern side of Mount 
Wrangell and, assuming a northward course, which is maintained for 
about 40 miles, turns toward the southwest and continues for 50 miles, 
when it turns again and bears more to the east; then, continuing in 
this direction, it is joined by Chitina River at a distance of about 150 
miles from its head. Finally, after having half encircled the great 
Wrangell group of mountains, the river turns toward the south and 
traverses the Chugach Range in a comparatively constricted valley, 
reaching the Pacific Ocean about 150 miles west of St. Elias. It is just 
below this southerly bend that the river is joined by the Chitina, the 
tributaries of which reach the glaciated divides of the Tanana and the 
White on the east and those of the coastal watershed in the region 
north and west of St. Elias. Chitina River and the upper course of 
the Copper lie in trenches that have been cut into Pleistocene deposits 
that form the floor of the broad topographic depression which may 
be called the Copper Basin. 

The topography of the Copper Basin shows a marked conti'ast to 
that of the mountainous regions by which it is surrounded. It is a 
broad valley of slight relief, sloping with the course of Copper River 
from the Mataimska Plateau, at an elevation of about 8,000 feet, to 
Wood Canvon, where the river enters the mountains and where the 
elevation of the valley floor is approximately 1,200 feet. Into the 
bottom of this depression Copper River has cut a channel from 500 to 
800 feet in depth, and from the banks of this canyon there is a general 
slope, with occasional steps of the nature of terraces, to the foothills 
of the mountains on either side. 

The main tributaries which flow from the Chugach Mountains and 
join Copper River show similar broad features, their valleys sloping 
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in the direction in which the streams flow, and their cross sections 
showing a general rise from the vicinity of the streams to the moun- 
tains on either side. The same conditions are found in the eastward 
extension of the Copper Basin along the lower course of Chitina River. 
The lower part of the Chitina Valley merges completely with the con- 
tiguous portion of the valley of Copper River, but about 10 miles above 
the mouth of the Chitina there is a low, mountainous mass, about 1,000 
feet in height, constricting the valley of that river, and from this point 
to the mouth of Lakina River the valley is comparatively narrow. 
Here it opens out into a valley about 20 miles in width, showing the 
same general features as the main Copp>er Basin. Illustrations of these 
features are given in Pis. X, A^ and XIII, A. 

The Copper Basin is traversed at intervals by streams which have 
their rise in the adjacent mountains and flow in de^p can3^ons to join 
the main river. The origin of these canyons seems to have been very 
recent, since in general the rather flat-lying regions between them ai"e 
very poorly drained, as is shown by the large number of lakes through- 
out the Imsin. In some cases the lakes lie within a few feet of the 
canyon walls, but their streams have not been able to cut channels 
suflScienth' deep to drain them. The presence of these topographic 
depressions, filled with standing water, in connection with the character 
of the deposits which make up the floor of the basin, is considered suffi- 
cient to show the glacial origin of the main topographic features of 
these broad interior valleys. 

Wrangell Mountains. — Lying within the great bend of Copper River 
to the north of Chitina River and west of the Nizina, is a group of 
high mountains which have been called the Wi*angell Mountains. The 
principal peaks are Mount Sanford and Mount Drum on the north, 
with Mount Wrangell forming the central peak, while on the south is 
Mount Blackburn. The elevation of the northern mountains is sup- 
posed to be Ijetween 12,000 and 13,0<X) feet. Mount Wrangell reaches 
14,000 or 14,500 feet, while the elevation of Mount Blackburn has 
been determined with a fair degree of accuracy as 16,150 feet. Mount 
Drum seems to stand apart from the main mass of the mountainous 
group, while Mount Sanford is connected with Wrangell by a high 
range, and Wrangell is connected with Blackburn by tracts above 10, 0(H) 

I feet, and this high ground is continued to the vicinit}" of the pass 

j between Nizina and Tanana rivers. 

The origin of the Wrangell Mountains, as shown by their present 
excessive height when compared with the Chugach Mountains, is doubt- 
less volcanic. In the region about the head of Nizina River there is a 
great thick n(\ss of volcanic rocks in all probability of Tertiary age, 
but the extent of these toward the center of the Wrangell region is 
not known. It is, however, certain that Mount Wrangell is composed 
of lava flows, the latest of which have been very recently erupted. 
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The mountain is even now a volcano in a quiescent stage, for large 
volumes of steam are continually rising from the crater, which may he 
distinctly discerned at the summit of the smooth, gently sloping cone. 
Actual eruptions, though none of great importance, have been reported 
by those who have visited the region. 

Around the southern edge of Wrangell Mountains are high ridges 
of sedimentary rock rising to the same general level as the Chugach 
Mountains, across Chitina River, and forming foothills to the higher 
volcanic mountains adjacent. 

The Wrangell region is di^ained on the south by Nizina, Kennicott, 
and I^kina rivers, whose waters join those of the Upper Chitina, while 
the western side is drained by Kuskulana, Kotsina, and Chetaslina 
rivers and Klawasina Creek, the first flowing into the Chitina, the 
others directW into the Copper. On the northwest and north the 
principal streams are Sanford River, from the region between Mounts 
Drum and Sanford, and Upper Copper River and Tanada Creek. All 
these rivers, as well as the Nabesna and Tanana, which have their rise 
on the eastern side of the mountains, originate in glaciers that flow from 
a practically continuous snow cap extending from Mount Wrangell 
to Mount Blackburn and the Nizina-Tanana divide. 

Skolai Mountains, — The name Skolai Mountains is used as a con- 
venient term for the high region between Chitina and White rivers, 
lying to the east of the Nizina-Tanana divide. This is a high, rugged 
region, the present features of which are due to the erosion of volcanic 
materials similar to those which form the eastern portion of the Wran- 
gell Mountains. On their southern side the mountains present the 
same foothill characteristics as have been described to exist south of 
the Wrangell Range, and these foothills, rising to about 6,000 feet, are 
composed of the older sedimentary rocks and seem to correspond in 
origin with the Chugach Mountains. Little is known of this region 
except such geneml impressions as have been gained by distant views 
from the Upper Chitina and Nizina valleys. 

lajyographic maps. — Two topographic maps accompany this report. 
The first (PI. II) is on the scale of 1: 250000, with a contour interval of 
200 feet. It is based on stadia measurements, instrumental triangula- 
tion, and sketching hy the usual plane-table methods, executed by Mr. 
T. G. Gerdine, topographer, and Mr. D. C. Witherspoon, assistant 
topographer. This map shows the territory adjacent to the Military 
trail between Valdes and the Tonsina valleys, and also parts of the 
Copper and Chitina valleys and adjacent mountains. 

The second map (PL III) represents the features of Prince William 
Sound. Its scale is 1:625000. w4th sketch contours. It has been com- 
piled principally from data taken from the military map of Prince 
William Sound. 
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GEOIiOGY. 

OUTLINE OF GEOLOGICAL HISTORY. 

Therocks of the region to which is here given the general designation 
the Copper River district are of widely vaiying types and comprise 
formations of great mnge in point of geological age. The oldest are 
metamorphic rocks, derived from sedimentary formations through the 
processes of mountain building, which have been active at various dates; 
and these, upon the basis of the relative degrees of alteration which 
they have undergone, are divided into three series, to which have been 
given the names Klutina, Valdes, and Orca. The last includes, besides 
strata of clastic origin, layers of basalt representing contemporaneous 
volcanic extrusions, and similar basalts of possibly the same general 
age are to be found in parts of the region where the series as a whole 
has not been recognized. The three metamorphic series have all been 
intruded by igneous rocks, very largely of a date later than that of 
the latest intense folding. 

Subsequent to the metamorphism of the Orca series the region 
suffered very deep erosion, which was followed by sinking and the 
deposition of more sediments belonging to the latter part of Paleozoic 
and to Mesozoic time. Two divisions of these strata are recognized 
below a third which rests unconformably upon the upturned edges of 
the other two — the Chitistone* limestone, of Carboniferous age, over- 
lain by the Triassic limestones and shales, and the Kennicott forma- 
tion, of late Jurassic or early Cretaceous age. 

After the deposition of the last of these two formations land condi- 
tions again prevailed, and during the early part of Tertiar}'^ time the 
region suffered very deep erosion; but. before the land was completely 
reduced volcanic rocks were piled up in parts of the area, and possibly 
sedimentary rocks were also locally formed. The latter and nuich of 
the former have since, however, been removed by the processes of 
erosion. Also at some period subsequent to the deposition of the 
Kennicott formation these sedimentary sti^at^i were invaded by igneous 
rocks in the form of stocks and irregular intrusions. 

Finally, after a period of sculpturing by water, the region was very 
deeply glaciated, and local deposits of debris were formed in the wide 
valleys produced by erosion, and this deposition was accompanied, as 
it has been followed, b}'^ outflows of andesitic lava from Mount AVran- 
gell and possibly from other volcanoes in the region. In the Chugach 
Mountains and in Prince William Sound the ice was actively engaged 
in erosion. 



^The names which are u>iied for the unmetamon.>hosed sediments of the Copper River district are 
tho*»e [)roi)Osed by Rohn in his report entitled, A reeonnal?«anee of the Chltina River and the Skolai 
Mountains, Alaska: Twenty-first Ann. Rept. U. S. Geol. Stirvey, Part II, 1900, pp. 399-139. The Triassic 
series has not l>een called by the name proj>osed by Rohn, because it seems so complex that it will be 
eventually divided into several formations. 
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GEOLOGICAL MAPS 

The infonimtioii ohtaiiunl concerning tluMlistrib.ution of the geolog- 
ical formations of the Coppei* River district has Immmi represented on 
the accompanying geological maps (Pis. IV and V). The geological 
work was of a nn'onnaissance nature* and was carried on side hv side 
with the topogniphic Held work. The houndaries l)(»tween the ditl'er- 
ent formations are conscMjUi^ntly very much genenilized, and certain of 
the features, as, for instance, the occurrence of complicated intrusions 
of por[)hyry, are r(»i)resented in a diagranmiatic mther than an accurate 
way. Areas in which the geology is entireh' unknown have been left 
blank, but genenil knowledge is represented l)v notes printed in red. 

(Geological cross siM'tions on the same scale as the map are intnxluced 
to illustrate the structuie n(»ar either end of the region studied. In 
these profiles there is a vei'tical exaggemtion of 3 to 1. 

KLUTINA SERIES. 

The term Klutina series was applied by Schmder, in the first report 
on the Copper Kiver region, to a series of schists and crvstalline lime- 
stones occurring near Klutina Lake.^ They were separated from the 
Valdes rocks by reason of the more intense metamorphism which they 
exhibit, but this has not been complete enough to destroy all traces of 
stratification, though in many places the rocks are intensely folded. 
During the last field season rocks exhibiting the same chanicteristics 
as the Klutina series were observed in a limited area Ijetween Chitiua 
and Tana rivers, in such position that they appear to be surrounded by 
the Valdes rocks, as thev are known to be in the vicinitv of Klutina 
Lake. The correspondence with the Klutina series is suggested in a 
tentative way, since the excess of metamorphism over that shown by 
the n(»igh}>oring Valdes series may l>e due to changes which have been 
])rought about by the intrusion of a large number of granitic dikes, 
which are fimnd cutting the schists in a^verv intricate manner. In its 
original dcscri])tion the Klutina seri(»s was provisionally correlated 
with the Fortymile series in the Yukon district, described by Spurr, 
and upon this basis, and i)ecause of theii* relations to the Valdes rocks, 
they are supposed to be of pre-8ilurian age. 

VALDES SERIES. 

('/iff/'arftr (oul orciirr*')U( . — The rocks of the Valdes series have 
been characti^rizinl i)v Schrader" as a metiimorphosed complex made up 
of l)luish-gray and dark quartzites, arkoses. and (juartz-schists inter- 
bedded with thin l)ands of dark-i)lue or black slate, shale, mica-schist, 
graphite-schist, and stretched conglomerate. It is a series which, on 

»A rei*oiiiijiis.-«uiu*<' di" a part of I'riiici' NVilliuxi; St)uii«l mid th« Copper Kiver distru-t, Alaska, in 
18W: Tweiilieth Ann. Kv\A. V. s. (ie«»l. Survey, I't. Vll, 1900, p. 410. 
2Ibi«l. 
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the whole, i.s of rather uniform composition, in which there are no 
lithologic cliti'erences sufficient for making any .special divisions. In a 
large way it is homogeneous, rather than heterogeneous, since through- 
out it< thickness there is a constant repetition of alternating thin Viands 
of arkoses. sandstones, and shales in various stages of metamorphism. 
The series, in general, may he characterized as a schist, although it 
does not show the extreme metamorphism of many rocks for which 
this term has been used. 

Previous to the work of last summer the Valdes series had Ix^en 
observed only in the vicinity of Valdes, along the Klutma route to the 
interior, and along Copper River from Taral to Tasnuna River, and 
thence to Valdes bv wav of Lowe River. The obsenations of last 
simimer did not add materially to the information concerning this 
series, except in extending its known area and determining the pei'sist- 
ence of its general features throughout the region between the ocean 
and the interior Ijasin of Copper River; but from the data now avail- 
able it Ijecomes apparent that the rocks lx?longing to this series form 
practically the whole of the Chugach Mountains frou) the region of 
Mount St. Elias to Kenai Peninsula. 

The Valdes series is undoubtedly of sedimentary origin and repre- 
sents the result of the metamorphism of water-laid fomiations. which 
must have l>een originally piled up to a considerable thickness and 
distributed over a wide area. The sedimentan' character of the rocks 
is seen in their composition and in the alternating strata of sandstone 
and shale. The sediments were carbonaceous and calcareous shales 
with bands of sandstone derived from igneous rocks and with some 
limestones of a rather impure nature. Their metamorphism has been 
the accomimniment of imp^^rtant deep-seated disturljances of the 
earth's crust, hv which the strata have l>een folded and bv which thev 
have also been compress<*d and sheared. The alteration of the rocks 
has not bcH*n so complete that the ?<*histos4* structure is independent of 
the original In^dding of the strata, but the foliation is ordinarily found 
to ^^e jyarailcl with the stratification, although in the case of certain 
shaly nl♦*m^M'r«». c>[>ecially where they occur betwef^n strata which are 
rather ma'«^iv<\ the schistositv W*comes transverse to the oriirinal 
.structure. H«iW<*ver. th<» character of the roc-ks is so seldom homo- 
geneous that it i-* not fK)*isible to make out the stratigraphic variation^ 
and thu«» to as/rcitain the true attitude of the strata. 

>'//v//7///v. — Th<" strike* of the Valde> roi*k> ha> a trcneral northeast- 
s^^uthwe«»t trend throu<fhout the rej^ion in which it has ^>een ob:?erved. 
The direction of ••trike varie> from N. :>> E. to N. 7.> E.. with >till 
greater l<x-al ditf»*reiice>. The average strike is j)erhap.> in the neigh- 
l>orhrx>d of N. 4*} E. The dips are Ijoth southerly and northerly, but 
the latter ••^.'♦'m to l>e of xjmewhat more frequent iX'currence. The 
dips are usually rather steep, varying from 4<J- to W-. 
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It has not l)een found feasible to make a careful studv of the struc- 
ture of the Valdes series along any line directly across its general 
structure, but from such observations as have been made it appears 

j that the ^eries has been very completely folded, and it is thought that 

the strata in the region between the coast and the interior have been 
duplicated several times. The lack of distinctive horizons makes it 
impossible to recognize the number of such duplications or to o})tain 

j more than a very general idea of their existence. For this reason it is 

impossible to give even a rough estimate of the thickness of the series. 

I Af/*^ of ValdcM srriiif, — The geological relations of the Valdes rocks 

' are not sufficientlv well known to wari*ant an unreserved sbitement 

regarding their absolute age, but in the upi3er part of the Chitina 
dminage rocks that are correlated, upon structural evidence, with 
known Triassic fonuations in the adjacent region, are found to overlie 
the Valdt^s rocks, and these M(\sozoic stnita are entirelv unmetamor- 
phosed. The Triassic is also underlain hy a series of limestones of 
probable CarlK^niferous age, and these rest in turn upon a series of 
volcani(! rocks. All three of these rock groups are apparently con- 
formable and have suffered the same amount of distur})ance, but have 
not been metamorphosed to anv noticeable degree. From this relation 
it would appear that the Valdes series is much older than the pre- 
Carboniferous greenstone, since it was very thoroughly UK^tamor- 
phosed in the period between that of its deposition and that in which 
the greenstones were erupted. Along the foothills of the Blackburn 
region, also, rocks which probably belong to the Valdes series are 
intruded by gninular rocks which have not been metamorphosed except 
very locally, and these have nowhere been found to penetrate to Car- 
boniferous rocks. The presence of these unmetamorphosed igneous 
rocks is a fui'ther indication of the lapse of a long period of time 
between the formation of the Valdes series and the deposition of the 
unmetamorphosed sediments of the Wrangell region. 

It is supposed that the Orca series, occurring in Prince William 
Sound, is younger than the Valdes series, and if its age C4in be assigned 
as Devonian it is probable, from the difference in degree of metamor- 
phism affecting the second series, that the Valdes rocks are at least as 
old as the Silurian.^ 

Corrt'Iaflfm of Valfh-H scrlts, — The resemblance of the Valdes series 
to the Sunrise series, which has been described as occuiTing in the 
region of Cook Inlet, was suggested in a report published in IDOO,- but 
the Orca series is known to occur in the islands of Prince William 
Sound adjacent to Kenai Peninsuhi, and it is possi})le that the Sunrise 
series may represent the Orca mther than the Valdes rocks. The cor- 
relation of the Valdes and Sunrise series must therefore be left in 



1 See the table of provisioual eorrelntion. p. ;«. 

2 A re<oiniaissHnee frrun Resurrection Bay to Tana River. Alaska, In li^ys, by W. ('. Mcndenliall: 
Twentieth Ann. Rept. l*. S. Geol. Sur\'ey, Pi. Vll, 1900. p. 305. 
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doubt. It seems probable that the equivalents of the Valdes rocks are 
represented in the region of Mount St. Elias, for they were found by 
the writers in the adjacent portions of the Chuga^h Range, and; from 
the description of the St. Elias schists by Russell,^ these two series are 
known to have man\' of the same lithologic characters. 

ORCA SERIES. 

Description, — The rocks of the Orca series consist of arkose sand- 
stones, usuallv verv massive, interbedded with occasional blac*klime- 
stones and with a considerable amount of black shale. Locallv there 
are conglomerates and rather massive brown and gray sandstones. The 
conglomerates are composed very largeh' of gray quartzites, with 
quartz grains, which are usually well rounded. The pebbles some- 
times reach a diameter of 3 inches, though they are seldom larger than 
1 inch. The sandstones are sometimes siliceous and frequently cal- 
careous or ferruginous, but by far the greater part of the sandstones 
are feldspathic. On a fresh surface the}' are usualh' dark blue or 
gra}^ in color, but when exposed to the weather they assume a pepper- 
and-salt appearance, giving a general grayish effect. Dark-blue or 
black limestones have been observed within the series at Yellow Cedar 
Bay, on the north side of Hawkins Island, in laj^ers from 1 to 2 feet 
in thickness. 

Occurring with the sediments of the Orca series, and to all appear- 
ance interbedded with them, there are some important masses of diabase 
or ba^ialt. It seems probable that the period during which the Orca 
series was deposited was one of volcanic activity and that sedimenta- 
tion went on alternatelv with the extrusion of basaltic lavas. There is 
but little variation in the character of the basaltic greenstones, except 
such as has arisen through the metamorphism which they have under- 
gone. Their appearance under the microscope indicates that they 
were original^ basalts, and it is with these rocks that most of the 
copper deposits of the Sound region are associated. In some locali- 
ties, notjibh' in one on Latouche Island and in the prospects on Mill 
Run south of Oi'ca, the rock has an amygdaloidal character and a 
general texture which gives it very much the appearance of the 
Nikolai greenstone, which is similarly associated with the copper 
deposits of the Wrangell district. 

Occurrence of Orca series, — The rocks of the Orca series, with their 
associated basaltic greenstones, are known to occur on the islands of 
Prince William Archipelago. They have been recognized also on 
the mainland to the west of Columbia Ba\', and it is probable that 
they occupy at least a portion of Kenai Peninsula, although it is not 
known that this region is not occupied by the Valdes series, and no 
comparison has been made which warrants a definite correlation of 

J Expedition lo Mount St. Elias: Nat. Geog. Mag., Vol. Ill, 1891-92, pp. 167-175. 
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the Sunrise series of the C<x)k Inlet region with either the Valdes or 
the Oreii series of the Prinee William Sound region. 

The rocks between Columbia Bay and Port Valdes belong to the 
Valdes series, and this series also occurs on the east side of Port 
Valdes, in the vicinity of Galena Bav, and sweeps across and forms the 
northern shor*^ and the head of Port Fidalgo. South of these occur- 
rences, as is represented on the map of Prince William Sound which 
accompanies this report, there is a zone occupied b}- a greenstone. To 
the south of this greenstone the Orca series occui*s, and it may be sug- 
gested that the greenstone lies between the Valdes and the Orca series, 
although the field relations have not been well enough observed to give 
the suggestion more than a tentative value. It is proljable that the 
Orca series might be truthfully represented as covering all of the 
region south of the genenil trend of the greenstone and forming the 
surface of all the islands of the archipelago. The eastern limits of 
the foiTQation are not known, and while the sedimentarv rocks have 
])een observed at McKinley Lake, in the vicinity of Alagjinik, it was 
not found possible to determine whether they belong to the Valdes or 
to the Orca series, though it seems probable that they belong to the 
latter. 

It ma}' be suggested that the Orca series is to be correlated with the 
black shales of Kadiak Island, which have been studied by Dall,* and 
it also seems probable that they may be correlated with rocks in the 
vicinity of Yakutat Bay, which Russell has described and to which he 
has given the name Yakutat formation.^ 

Metamorphisrn and Htrnetiire, — ^The rocks of the Orca series have 
been generally folded and sheared, but the metamorphism which they 
hav(^ suffered is somewhat less than that which has affected the Valdes 
seiies. Schistose structures have been pro<luced in the less massive 
portions, l)ut nowhere has metamorphism proceeded sufficiently far to 
cause a formation of secondary minerals, such as hornblende, mica, 
and epidote. The schistose structure is. as a rule, strictly parallel with 
the bedding, though in the case of some of the homogeneous shales it 
is found to be transverse to the planes of stratification. Intimate plica- 
tions of the thin-bedded shales are of frequent occurrence. The gen- 
eral structure exhibited b\' the series is that of very complex folding. 
The strike and dip var}' greatly within short distances, and it is not 
possible as yet to determine any general trend of the rocks, though 
perhaps northwest-southeast strikes are somewhat more fre(|uent than 
any other. The variation in strike and dip, with the steep dips of the 
strata, indicate that there is much duplication of th(» beds from place 



^ Rei>ort on cixil nnrl lignite (»f Alaska, by W. H. Dall: Sevcntoonth Ann. Rept. l'. 8. Geol. Survey, 
Pt. I, 1896, p. ^71. The latest information in regard to the Kadiak shales ]>oints toward a Mesozolc 
age. 

2 An exj>edilion to Mount St. Elias, Alaska, by Israel C. Russell: Nat. Geog. Mag.. Vol. Ill, p. 142, 
These al??*) now (1901) seem likely to pn>ve Mesr>zoie. 
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to place, and make it probable that the apparent tliiokness of the strata 
is greatly in^ excess of the actual thickness. 

Amonsj: the results of the dynamic action to which the rocks have 
been subjected are the frequent joints and minute faults which occur, 
especially in the shales and slates. These fractures and other openings 
along the cleavage are often tilled in with veins of cjuartz and calcite. 

A(/e of Orca Htries, — Concerning the age of the Orca series there is 
conHicting evidence. In 1898 Mr. Schrader found plant remains in 
the Orca rocks, and these were studied by Dr. F. H. Knowlton, of the 
United States (jeological Survey. Specimens collected from (iravina 
Point and Johnstone Point were not found to be of value for deter- 
mining age relations, and cones collected on the northeast shore of 
Hawkins Island, resembling certain Upper Cretaceous or Low(»r Ter- 
tiary forms, were said to be too indefinite to be of nuich value. Other 
plant remains were seen in Jackson Cove, on Glacier Island, during 
the fall of 1900, but no recognizable specimens could be collected. 

In 1805 Dr. Dall colleet(»d some fossils from a black schistose series 
of rocks on Woody Island, near Kadiak. One of these was regarded 
b^- Prof. A. Hyatt as belonging to the genus PoHidonomyn., but it has 
since been referred by Prof. E. O. I'lrich to a new% though allied, 
genus. The suggestion was made that the rocks are Triassic or older.* 

Professor Ulrich and Dr. Knowlton have recentlv examined c«»rtain 
organic remains which were collected by the Harriman expedition from 
the same black slates, and which also o(»cur in slat(\s in the vicinity of 
Yakutat that may be equivalent to the Orca series. These include the 
remains of alga?. After a careful study of all the material from all 
sources Professor Ulrich supposes the age of the Kadiak horizon to be 
probably Jurassic, which accords sufficient]}" well with their strati- 
graphic position. 

In the absence of really distinctive organic remains, the main depend- 
ence for estimating the age of the Orca series must })e placcnl upon 
general structural featun^s. The* Orca series is in general less meta- 
morphosed than the Valdes rocks, and therefore is supposed to b(» con- 
siderablv younger: and while the relations of the Orca rocks to the 
Carboniferous and Mesozoic series of the Copper Kivt*r region are 
nowhere directlv exhibited in the localities which have been visited bv 
the writers, the relation of th(»se rocks to the Valdes is conclusive* evi- 
dence that the latter are much older than the CJar})oniferous; and since 
these sedimentary formations have* not suffc^rcMl such d(»gr(M' of meta- 
morphism as the Orca rocks, it bt»comes permissible to suppose that 
the Orca series is intermediate in ag(» between the Valdes series and 
the Kennicott formation, a view that is support<»d by the pal(»ontolog- 
ical evidence which has l)een given. 

^ RffKjrt on coal and lljjnlU; of Alaska, by W. H. Dall: Scvt'ntr«;nih Ann. Ki'i»t. V . S. (ii-ol. Survey, 
Pt. I. IS*;, pp. H71. 907. 
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From the fm^mental descriptions of the formations occurring on 
Alaska I^eniiisuhi adjacent to Kadiak Island it appears that the shales 
ther(* resting unconformably upon the Woody Island series maj- ulti- 
mately afford evidence that will decide the i(uestion. 

If an attempt should be made to apportion the metamorphic rocks 
comprising the Orca and Valdes series to the divisions of the geological 
time scale, it would appear that the former might belong in general 
to the Devonian era, in which ease it would be correlated in part with 
the Tahkandit series of Spurr, and in this case the Valdes series would 
belong to the Silurian era and would be equivalent to the Rampart 
series of the same author.* 

UNDETERMINED ROCKS ON KOTSINA RIVER. 

On either side of Kotsina River and extending from the edge of the 
andesite west of Long Glacier and the region about Clear Creek 
southward to Elliot Creek there is a series of rocks whose relations 
and age have not becMi determined. They are made up of sediments, 
including limestones, shales, and coarse conglomerates, with inter- 
calated sheets or flows of })asalt like the Nikolai greenstone. The 
pebbles of the conglomerate are composed of greenstone material. 

The series shows a general dip toward the southwest, and in this 
regard it follows the structure of the Nikolai greenstone and the Chit- 
istone limestone which occur farther up the river. The age of the 
series is unknown, but from the structure it would seem that it must 
be 3'ounger than the Chitistone, which appeal's to dip beneath it. 
Owing to its make-up, however, and the fact that it has been affected 
to a certain extent by metamorphism, it seems impossible to correlate 
it with the adjacent Triassic strata. If, however, it is older than the 
limestone, it may be representative of a series equivalent to th<* Orca 
rocks occurring in Prince William Sound. This suggestion is made 
in the most tentative wav, since there is no evidence at hand for the 
determination of the stmtigraphic position of the series. For this 
reason it has b(»en represented on the map as unknown sediments. 

In cross section CM), PI. IV, a fault is suggested to explain the 
relation of the rocks shown on the map in the region of Copper and 
Pass creeks. The existence of such a fault would also explain the 
occurrence of the unknown series in its' obseiTcd relations, on the 
supi)osition that it Ix^longs beneath the mass of the Nikolai greenstone. 

NIKOLAI GREENSTONE. 

/A'.vr/vy>^/V//^ —The term Nikolai greenstone is employed to desig- 
nate a series of volcanic Hows foniiing an important mass in the 
Wrang(»ll district. The rock shows considerable variation from place 
to place, both laterally and vertically, in the separate flows, but it is 

^Soo Uible of pr<>visi(nml correlalioii!*, by J. E. Spurr, iu Tweutleth Ami. Rept. V. S. (Jeol. Survey, 
Pt. VIl, p. 1S7: also this reptirt, p. 33. 
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idways easily distinguishable from other roc'ks of the region. In <x>lor 
it is generally green, though sometimes it is of a ivddish hue. In 
texture it varies from fine-grained, very densely crystalline, to rather 
coarse-grained porphyritic, and in many places it shows amygda- 
loidal characters. Under the microscope the rock is found to consist 
of feldspar and augite, with considerable quantities of two gri*en 
minerals, which are found to be chlorite and serpentine. In rare 
instances grains of olivine are noted under such conditions that it 
seems certain that the serpentine had its origin in the alteration of 
the olivine. The structure is alwavs that which is characteristic of 
diabase, where the laths of feldspar form a felt-like mesh with augite 
lying in the interstices. At times the roi'k is so fine grained that it 
becomes almost aphanitic, while at other times the crystals of feldspar 
have dimensions reaching several millimetei's. When amygdaloidal, 
as it frequently is, the cavities are filled by chloi'ite or serjxMitine, 
either with or without chalcedonic quartz. Accessory magnetite is 
alwaj^s present and frequently in considerable amounts; also in many 
cases metallic sulphides are present, though these are probably of 
secondary origin. Localh' metallic copper occui*s in grains or string- 
ers, but alwavs under such circumstances that it mav be considered of 
secondary i-ather than primary origin. The composition and structui*e 
of the Nikolai greenstones show them to have been originally typical 
basalts. In their characters and in the mode of the occurrence of 
copper in them they are ver}' closely related to certain of the gnHMi- 
stones of the Lake Superior copper region. 

Occurrence and distribution, — ^The Nikolai greenstone occurs in 
many places in the Wrangell and Skolai mountains, and wherever 
seen is found to show the same relations to the sedimentary series of 
the region. The massive Carboniferous limestone, which is the lowest 
unmetamorphosed sedimentary formation of the district, lies directly 
upon the greenstone in such a way that it would seem as if it had 
been originally laid down upon the surface of the earlier volcanic flows. 
In this relation it is observed in the upper part of Kotsina Kiver, 
where the greenstone passes beneath the Carboniferous limestone, 
dipping toward the southwest, and forms a large part of th(» mountiiin 
masses that are drained by the southern glaciers of the KotJ^ina 
Basin. From this region it connects directly with the occurrence in 
the mountains in the vicinity of Kuskulana (ilacier. and, reappearing 
in the valley of the Lakina, is again found in th(» upj)er part of the 
Kennicott drainage, whence it may be tmced (always bearing the same 
relation to the massive limestone) across McCarthy Cre(»k and thence 
to the Nizina and the mountains to the east (s«»e PI. VIII, li). From 
the observations of Mr. Haves and Mr. Brooks it is known that the 
same rock occurs at the headwaters of Whit(» and Tunana rivers. 

While the top of the greenstone series is fn^cjuently «'XjK>Hed, the 
bottom has not been seen, so that the actual thickness of the series is 
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not known. The greatest thickness that has been seen is proba))ly in 
the upper part of the Kotsina, where it may be estimated very roughly 
at 4,000 feet. 

Structure of the ifveiUHtiyiUf, — From the origin of the greenstone 
series, through the successive outflow of innumerable sheets of basalt, 
it is natural that the complex should show a })edded character compar- 
able to stratification in sedimentary rocks, and in man\' places this 
structure is ver}' well exhibited. The bedding in the volcanic series 
is alwaj's found to be in accord with the structure of the overlying 
water-laid formations. 

Locally the greenstone shows a secondary structure due to shearing, 
as illustrated in PI. VI, .1, which is reproduced from a photograph 
taken below Sui-prise Creek on Kotsina River. 

Occurrence of copper in the grecnMon*, — The copper deposits in the 
Wrangell district are, without exception, so far as seen, related to the 
Nikolai greenstone, since they occur either within its mass or within 
the sedimentaiT formations adjacent to the greenstone. From the 
relations observed it is evident that the volcanic rock is the source of 
the copper, which probably existed in it at the time of its eruption. 
In the deformation which the rocks have undergone tissures have been 
produced, cutting the greenstone and the overlying sediment^?!, and 
along these fractures veins have been formed in many cases, and the 
metallic contents of the erupted rock have been concentrated by means 
of circulating waters and deposited along the tissures, both in the 
igneous rock and in the limestone that lies above it. In these cases 
where the ores have been deposited in the limestone they do not 
extend very far from the contact with the greenstone. The change 
from one rock to the other seems to have been favoi*able for the depo- 
sition of the copper minerals, and the contact has become the locus of 
valuable mineral deposits. 

A(fe of the (jrt^en stone. — Concerning the actual age of the Nikolai 
series little can be said. Thev are older than the Car>)oniferous lime- 

ft 

stones which rest upon them, though probably not very much older, 
since there seems to have been no folding in the interval between the 
close of the volcanic outflows and the beginning of marine sedimenta- 
tion. They are presumably later than the Valdes series, since the 
latter is very strongly metamorphosed, so that it can only be said that 
they belong to a period between that of the Valdes and that of the 
Carboniferous limestone. It seems likelv that thev mav have been 
extruded during the deposition of the Orca series, at present preserved 
in Prince William Sound. Weight is added to this supiX)sition by 
the occurrence at various horizons in the Orca series of intercalated 
basaltic rocks, which could well be the equivale?it of the Nikolai 
series; so in the absence of detinite knowledge it may be tentatively 
held that the greenstone belongs to the same period as the Orca series. 



The evidence that the greenstone was fonneil pn^viows to the l^'hiti- 
stone limestone is as follows: Wbenner the two are in ivntaot the 
limestone shows no metamori^^hisni, such as usually n^sults f nnn the 
intrusion of a i^aU'areous nx'k bv an ignei^us mass: the i^s^nuKv<tratitii*a* 
tion in the greenstone is {^rallel with the InHlding of the overlving 
limestone wherever ol>ser\'ed, and the lavers in the fonueran^dltfenmt 
in structure and general apjx^iraniV. Thes*^ facts, and the fnnjuent 
occurreut^e of amygdaloidal phases in the gnvnstone and extriMuely 
marked variations in the I'oarseness of crvstallization within short 
distances, are distinctly in favor of the origin of the gnvnstone hy 
succ*essive flows of b:isjilt at a date prixviling the de|HViition of the 
limestone. Furthermoiv. theiv an^ no dikes or invgidar intrusions 
of the basalt which can l>e detinitdv shown to cut acnvss the l^arlnuuf- 
eroiLs or Triassic strata, a ii>ndition which innild hanilv exist if the 
greenstone had been fon^ed into the sedimentary nH*ks in the fi>rm of 
a long laccolith at a constant horizon. 

This idea of the rehitions of the gnHMistone to the stnliments with 
which it is assoi'iated is not entirelv in accord with the oKservations 
of Hayes and Brooks, who report greenstones cutting the limcsti>nes 
and the overlying shales. The former* found fine-grained greenish 
amygdaloidal lavas lK)th cutting and interlH>dded with the sedimentary 
rocks in the vicinitv of Skolai Pass, where thev are estimated to form 
as much as half the mass of the bedded rocks. 

In the vicinitv of Klet<an Creek, and elsewhere on White River 
and adjacent portions of the Tanana, Brooks* found amygdaloidal 
greenstones cutting the Carboniferous limestone and the overlying 
shales, as well as interbedded with the latter. It is with these green- 
stones, which have locally metamorphosed the limestone, that the 
copper deposits were found to be associated. The specimens of 
greenstone collected by Brooks are in evt»rv respect similar to the 
greenstones of the western side of the mnge. 

From the distinct mode of occurrence in the two nyions, and from 
the occurrence of a few thin flows of basalt in tin* Triassic rocks of 
the Chitina region, it appears that there wi»re two periods during 
which basaltic rocks were erupted, one previous to the deposition of 
the Carboniferous limestone, and the other in the early |mrt of the 
Triassic period of deposition. Of this latter basalt little evidence was 
seen in the Wrangell district, but in the north fork of Strelna Creek 
there are amygdaloidal greenstones in thin IkhIs, a))purently inter- 
stratified with the })lack shales, and in connection with tlnMU then* an* 
dep)osits of native copper. 

1 An exjK'dilirm through thf Yukon Mistrlrt. hy ('. W. Hiiyi'f*. Niil. UroK. Mhk.. Vol. IV. |>. Mi). 

2 A recoiiiiaissaiH'c from I'yranii*! Harbor to KuKlt'City. AIhhUh- Twmiy flr^l Ann. K««|>. I*. S. UimiI. 
Survey. I*art II. lyuu. \>. ;JM. 
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CHITISTONE LIMESTONE. 

Dincriptian, — The Chiti«tone formation is composed of very massive 
limestones, without any impoi*tant intercalations of shale. When 
weathered it has a white or gra}' color, which makes it prominent in 
contrast with the greenstone upon which it lies, but when broken it is 
found to have a blue color, which is indicative of considerable carbon- 
aceous material in its composition. In texture it is fine grained 
throughout. No fossils of sufficient worth for determination Vrere 
found within the area studied. 

Oceiirrene^ and distribution. — The mafesive Carboniferous limestone 
is one of the most prominent formations of the Wrangell region. It 
is found lying above the greenstone in the upper part of the Kotsina 
Basin, where it crosses the river at the mouth of Kluvesna Creek. 
Northeast of this place it has been traced as far as Long Glacier, 
which comes down from the slopes of Mount Wrangell, but be^'ond 
this glacier it is hidden by recent flows of andesite. Southeast of 
the Kotsina the limestone is found at various localities, which can 
not be connected upon the surface, since there are overh'ing uncon- 
formable deposits on the higher mountains, but the main outcrop may 
be tmced toward the southeast to the divide between Rock Creek and 
the Kuskulana, and thence in the mountains which lie between Strelna 
Creek and Kuskulana River the fonnation is prominent. It is thought 
that the limestone may also occur on the southwestern slopes of the 
mountains beyond, where the Kuskulana comes out into the open 
basin of theChitina Valle\% but no observations have been made in this 
vicinity. At a point a mile or so above Trail Gulch, on the east side 
of Kuskulana River, the limestone appears, and, rising rapidly al)ove 
the massive Nikolai greenstone, soon reaches the tops of the mountains 
lying south of Kuskulana Glacier. East of the first prominent creek 
on the south side of the eastern fork of Kuskulana Glacier observa- 
tions have not been made, but from the distant view obtained of the 
upper part of the drainage it seems that the massive limestone is not 
present. Its absence must be explained through folding or faulting, 
the nature of which could not be ascertained. The limestone appears 
again on the east side of Lakina River aljove the lower end of the gla- 
cier, where it rises rapidly toward the northeast, and while probabh' 
it connects directly with the exposures on the west side of the Kenni- 
cott drainage, it has not been so represented on the map because of 
the lack of sufficient observations. On the east side of the mountains 
between Lakina and Kennicott glaciers the limestone is verv well 
exposed and, dipping slightly toward the north, appears in the moun- 
ta^in between the first forks of the glacier, and again across the eastern 
fork about 7 miles above the foot of the glacier. From this place the 
massive stratum can l>e traced across McCarthv Creek to the head of 
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Nikolai Creek and to Nizina River. In the region between Kotsina 
River and the Lakina the general dip of the formation is .southward, 
but from the Kennicott to the Nizina the structure is in the opposite 
direction, the dips varying from 20^ to 60^. This structure is indica- 
tive of an anticlinal axis having a general northwest-southeast direction. 

East of Nizina River the structure is more complex, and while the 
dips are not so steep the simple anticlinal structure gives place to 
a series of broad folds at times showing quaquaversal dips, so that 
erosion has revealed the underlying greenstone at various places both 
along the Nizina and on the tributaries which join it from the east. 
A view of the dminage basin of Skolai Creek shows the limestone 
rising gradually toward the White River divide, with the greenstone 
lying in the valleys. At the mouth of Chitistone River the lime- 
stone comes to the vallev bottom on the north side, while on the south 
it is from l.OlM) to 1,500 feet higher, and between the forks the green- 
stone reaches to the top of the mountain. From the lower side of 
the Chitistone the formation may be traced along the side of the moun- 
tain until the upper pait of the creek which joins the Nizina at Nikolai 
House is reached, where the rocks are seen to be descending. The 
character of the contact between the limestone and the underlying 
vuk*anic series is illustrated in PI. VIII, B^ which also exhibits some 
of the structural features that have been mentioned. 

Southward from the stream which joins the Nizina at Nikolai House 
the limestone is not found, and it seems necessary to suppose that its 
absence is due to a fault which follows the general course of this 
tributary. The mountains to the south are composed of black shales 
intruded b}' igneous dikes, and are supposed to belong to the Tri- 
assic series lying west of the Nizina. The same series is found south 
of the belt of greenstone without the oi-currence of the limestone 
between, so that it seems probable that the supposed fault extends 
toward the west at least as far as Lakina River. The general line of 
the displacement has been represented on the geological map. 

The limestone is known to extend to the east as far as the limits of 
the map, and \X^ characteristic contact with the greenstone was made 
out by Mr. Witherspoon, the only one of the party who visited this 
region. 

Along the l^ase of the mountains north of Chitina River, above its 
junction with the Tana, limestones are exposed, which were observed 
only at a distance. It seems |>ossible, from the general structural rela- 
tions, that these limestones represent the Chitistone formation, and 
they are so shown on the map, although it is possible that they are 
calcareous b(*ds developed in the Triassic shales. 

In the geological investigations in the Wrangell district the lime- 
stf)nes of the Carboniferous have bet»n tratiHl with practical continuity 
from Kotsina River on the west to Skolai Pass on the southeast. 
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Beyond the Nizina- White divide the siiiiie limestones have been reported 
bv Dr. Haves ^ and Mr. Brooks." 

Tliicl'ne}^i< (tf Chit !f<f one //////W<>/^^.- -Studies of the Carboniferous 
and Triassic strata of the Wrancjell district have not been sufhciently 
detailed to afford evidence as to where the line between these two for- 
mations sliould be drawn. Above the massive basal series of limestones 
there is a series of thin-])edded limestones with shaly ])artings, which 
is apparently in perfect conformity with the underlying beds and which 
passes by gradation into the black shales above. These black shales 
contain the fossils by means of which the Triassic age of the formation 
has })een determined. The provisional and arbitrary line between the 
two formations has been placed at the top of the massive limestone 
series. The thickness of the Chitistone formation as thus defined is 
somewhat variable. Its maximum development is probably in the 
region of Nizina River, where it reaches a thickness of approximately 
2,000 feet. In the Kotsina and Strelna region its thickness is some- 
what less, but it can not be made out that there is any progressive 
thinning toward the west. 

A(je (tf the limeHtane. — No determinable fossils were secured from 
the Chitistone limestone during the stud}' of last summer. The for- 
mation is, however, certainly to be correlated with similar massive 
limestones in the vicinity of Skolai Pass and on Whit€ River, as observed 
by Hayes and Brooks. In the latter region fossils were collected which 
show the limestone to be of Carboniferous age, and upon this determi- 
nation rests the present knowledge of age relations.' 

TRIASSIC SERIES. 

Demrlption, — The rocks which have been included in the Triassic 
series comprise all the strata that lie above the Chitistone limestone 
and below the unconformable Kennicott formation of Jura-Cretaceous 
age. In the lower part, and resting conformably upon the Carbonifer- 
ous limestone, is a series of thin-bedded limestones, in strata from a 
few inches to a foot or more in thickness, supported by thin partings 
of black shale. The thickness of this memlx?r is approximately 1,000 
feet, and the limestone, so far as observed, did not contain fossil 
remains. Above the thin-bedded limestones, and sharply defined from 
them, are black shales containing occasional bands of impure limestone, 
locally affording fossils from which the age of the formation has been 
determined. The thickness of the upper member of the Tritussic is 
very great, possibly more than 8,000 feet, but no opportunity was 
afforded for its direct measurement, since its occurrence as the surface 



» An exiK'dition thnniKh the Yukon dlstrirt: Nat. Geog. Mag.. May 1">. 18«r2. Vol. IV. p. HO. 

- A ro<'onnais.sance from Pyramid Hurlj<»r to Eugle City, AljLska. im*lii«ling a (ii'.xeripiion of the cop- 
per depo*Jitv«* of the Upper White umlTanana rivers, by Alfred il. Brooks: Twenty-tirst Ann. Kept. U. 8. 
Geol. Survey, Pt. II, 1900, p. 359. 

» Loc. eit., p. 369. 
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formation beneath strata lyinor luuH^n forum hly ujx^n it, tiH^^ther with 
the attitude which it has a>suuuHl a> the ivsult of foKiiuiraud fault injr, 
renders its n^Iations inmiplieateil and olvioun\ V few thin Hows of 
green:none, siiuihir to thsit of the Nikohii serie>» weiv oUservod her^^ 
and there, interlxHldixl with the black shales of I he Triussic. Tlie 
Triassic series luav Ik* easily reiH>iifnized fi\>iu its vftMienil hou\i>vri*niH>us 
nature and the line-jjrs^ined chanicter of its black i^arbonaivous shales. 

Locally the thiii-l>eddeii liniestones aiv very intricately folded and 
contorttMi. a feature which is well shown in I he rid^re fi»nuedof Trias- 
sic rocks at the head of Gilahina Ciwk, and illustrated in IM. VI L 

0*y^f(n\'rt*'t nml tiisfrihutlttn, — The Triassic iXH*ks aiv fouml dippinjj 
toward the southwest in the Kotsina ivjrion* and may Ih^ tnuvd in a 
continuous l)and south westward to Kuskulana River and ivoxw the east 
side of that stream to I^ikina River and thence to the Kennicott and 
Xizina. East of the Nizina they occur princi^mlly in the rejjion 
south of the irreat fault which limits the Chitistone limestone, and in 
the region south of the Nizina the black shahvs ivach across C'hitina 
and Tana rivei*s and come in contact with riH*ks of the Valdes series. 
Their (KX'urrence in the vicinity of Skolai Pass is repirted by Haye?*, 

The Triassic rocks lie in a band a few miles in width between the 
outcrops of the Chitistone limestone and the older metanu>rphosed 
Valdes rocks, which, with their intruded masses, occupy tlu» valK\v of 
the Chitina and the region of the C'hugach Mountains. The struct und 
relations by which these two formations come to be in contact are not 
understood. There is perhaps an overlap of the Triassic shales onto 
the Valdes roi'ks, or — equally jK)ssible profound faulting by which 
the CarlK)niferous limestones have been cut out and the Triassic IhhIs 
overthrust onto the Valdes s(»ries. 

In the region south of the fault and east of l^akina River, and 
again east of this region as far as the mountains b(»vond the Ni/ina, 
the Triassic shales are verv intricati^lv included l)v dikes and sheets of 

* • • 

poiphyry. 

Fotisils of Tr!((xs!v .svr/r.v.- -Only two recognizable fossil forms have 
been determined in the material which was collected from the Triassic 
beds, but these are considiMvd suflicient to tix delinitely the age of the 
series. Dr. T. W. Stanton, of the Surv(\v, reports the f<>llowing 
forms of Upper Triassic age: ,]ff//Kffis sKhrlrrularis (Jabb and Ihinmlla 
like I), lomniell Wissmann. 

DISTURBANCES FOLLOWING DKPOSITION OF TRIASSIC. 

The formations next younger than the Triassic shales in th(» Copper 
River region W(»re (h»|M)site(l at the close of the* tlurassic or the In'gin- 
ning of the Cn^biceous that is, at a tiim» ('orresponding to the dispo- 
sition of the Knoxville IxhIs of the north w<»stern rniled States. These 
latter rocks are unconformable upon the 'i'riassii' and older formations, 
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and previous to their formation the older rocks had been folded and 
raised above the sea and their upturned edges reduced by the process 
of erosion. The close of Triassic deposition in the western and south- 
western portions of the continent has been very generall}' recognized 
as a period of mountain building and of geological revolution. It is 
supposed by Dawson that at this period the Vancouver and coast 
ranges of British Columbia were outlined, and that there w^as probably 
at the same time some corrugation along the line of the Rocky Moun- 
tains.* The result of this disturbance in the Wrangell district was 
the production of the broad folds which have been recognized from 
the attitude of the Nikolai greenstone and the overlying sediments. 
The period of erosion which followed the uplift and folding was a very 
long one, since the amount of rock removed must necessarily have 
been measured bv several thousand feet. 

The general trend of the folds in the Triassic and Carboniferous 
rocks is parallel with the structure of the adjac*ent Valdes series. This 
older structure is very uniform throughout the whole region from the 
coast to Copper River, and it is only natural that the recurrence of 
dynamic action in the region should have produced structures in 
accord with the lines of weakness that were developed at a very 
earlv date. 

The Nikolai greenstone and the sedimentary formations which lie 
unconformably above it are at present found to be considerably jointed 
and cut by fissures, the latter frequently containing quartz veins with 
or without metalliferous deposits. It is probable that this fracturing 
of the rocks was produced during the post-Triassic disturbance, though 
it is reasonable to suppose that subsequent movements which must 
have accompanied the volcanic phenomena of the region may have 
caused additional fracturing and folding of the rocks. 

It is believed that the eruptive phenomena of the Wrangell region 
may have begun during this period of disturbance, but there is no evi- 
dence to show that the intrusion of the Triassic shales oc^curred at this 
period rather than at a much later date, when, as is know^n, volcanic 
forces were verv active. 

KENNICOTT FORMATION. 

Description, — The strata which, on the evidence of fossils, have 
been assigned to the Upper Jurassic or Lower Cretaceous consist 
of a variable series of conglomerates, sandstones, limestones, and 
shales. The formation lies unconformabh^ upon the upturned edges 
of the older rocks, resting at times upon the Nikolai greenstone, 
the Carboniferous limestone, and the shales of the Triassic. In places 

1 Ou the late phy.viopraphle geolojfy of the Rocky Mountain region in Canada, with special refer- 
ence to changes in elevation and to the history of the Glacial period, by George M. Dawson: TraoB. 
Royal Boo. Canada, Vol. VIII, 1^<90, see. A, p. 6. 



it jippear< tiait tboj^ older fornwXions wcTy* <v»mj>)<>t<^U )ow}<vi by 
«vj(S}on previoii^i to tin* d<>|>asiti<>n of tbo Ki^wrikwtt forw^tit^n,. I'm! 
ekewbere tbe reimrions. thoii^ oh;4c«ix\^ Aiy^ indioiitiw of 1^ y>t\>1>- 
ability tbaj deposition took pb<v in n«Tow^ <Jeej> U^vvnN. 

At the ha5>e of the fomi*tk»n there is its^^Ux * tN>njrl^>«^<^r*te or 
coars«e sandstone composed of nuiterials detnxvd ftvw^ the jjriven^txNW 
and from the limestones and shales, with an admixtxire t>f quaH^. >«a^d^ 
Above this there are alternations of g^reen :i;(inilstn>ne x\ ith Hlaek >hateis 
and occasionally bands of limestone^ in pbiivs t^xnt^ininjj t»nNider- 
able sand. 

ikx-urrt^iCt ami di^frih^itu*n. —The m^rthemnH>st kn^»«rn ^Hvunvnt*^ 
of the Kennicott formation is at the hooid of Limestone l^NH^k l>ti^f w-xvn 
Clear and Kluresna oiveks. Here the formation is in \x>nt;iot with 
the Carboniferous limestone and with the Triassio shales. SuMUh of 
this there is an outlier resting upon the shaU\s, fi^nning the tx>|> of a 
high peak between Clear Creek and Klu\ esna CriH^k worth of Kot^iim 
River. South of the Kotsina the formation is fxnuui i^^ually eapping 
the highest ridges, where it ivsts uix>n theTriassio or Uh^II^v u|>on the 
Carboniferous or the still older grei>nstoiu\ Fri>m the ri^ilij^^ Ih^xvoou 
Sheep and Copper creeks then^ is eonsiderabh^ on>pping of I he forma- 
tion, which extends oi>ntinuously to the divide U^twiMM^ Koek und 
Strelna creeks, and again there is a i^onsiderable thioknefts \\\ the hl^fh 
mountains at the bead of the south fork of Stivhm Civek. 

As viewed from a distance the high ridge In^tweeu the worth fork 
of Kuskulana Glacier and the eastern dniinage of the Kotsina ap|Hmn«i 
to have a capping of sedimenturv mck ivnting utH>n the gtvonntone^ 
and though this region has not been visited it HiHMnn pi*obahh* th«t the 
Kennicott formation may occur in those high ]M'aks. 1\> the oMi^t of 
Kuskulana Glacier it first appt^ars in the bed of Tmil (hilch, at an 
elevation of about 2,200 feet, and muy be traced eantwani for w dis- 
tance of about 3 miles. In this locality th<» fonniition alfortln fonFill 
remains. It does not appear again west of Lukina Klver, Imt to the 
east of that stream, in the drainage of Fohlin Cri^ek, It attnlim con- 
siderable development, having a thickncHH which poHnlbly riMichnn a 
thousand feet or more. In this locality and in the laM It wMMnw n« 
if the formation was dejWHitcd in a subnierged valley, the Hidew of 
which had considerable height above the lev<»l of tin* WHter. 

East of Kennicott River the Kennicott fornmtion occniM \\[ tin* liend 
of Nikolai Creek, where its general relatioMM to the topogntphy nnd 
to the Triassic fomiationM are shown in IM. VIII, /I. The wloplng 
strata in the middle of the photograph are the nanrlfft^fneiii of tim 
basal portion of the Kennicott formation, while the deep trencheM cut 
through them intr) the underlying linieMt>one and greefmtone, 1*he 
mountains in the distance are conipimed at 'Yvwa^nw Hlmlcfl^ with Igne- 
ous intrusions, which have prot<f<'t<*d the nionntnin^ from ero«lorK 

H. Dof5. fm 4 
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Bej'ond the Nizina the formation is found capping the shale ridge 
between Young Creek and the Chitina. 

A(/e of Kennieott format Ion, — The age of the Kennicott formation 
has been definitely determined bv Dr. T. W. Stanton, who has studied 
its fossils and proved their general correspondence with the fossils of 
the Knoxville formation of northwestern United States. This places 
the fonuation in the doubtful series lying at the top of the Jurassic 
or at the base of the Cretaceous. The following forms have been 
recognized: 

Inocerauiua exiinius Eichwald? Aucella pallasi Keyserling? 

Belemnitcs sp. Lytocenu? sj). 

Halobia (K'cidentalis Whiteaves? Iloplites sp. 

Rhync'honella sp. OlcostephanuB? sp. 

Pecten sp. Grypha^a sp. 

Avicula Hp. Saf»enoi)teri8 sp. 

Concerning InoceramuH exlmius,. Dr. Stanton sa^'s: 

Thit« form is reprevente^l by a single sjiecinien collected on Chitty Creek. It may 
be distinct from Eichwald's 8i)ecies originally described from Turkus-itun Bay in 
Cook Inlet and referred bv him to the Neocomian. Eichwald describetl three other 
siwcies — /. ambiffunSf 1. potrectuA^ and /. Ixicifer — ^all belonging to one section of 
Inocn-nmui*, from the same horizon in Alaska. The present shell does not agree jier- 
fectly with any of the figures, but it is most nearly like /. e.vim in^ a.nd i>n>bably comes 
from the same fonuation. Similar forms occur both in the Jurassic and in the Cre- 
taceous, but the evidence of the other fossils from this part of Alaska favors the 
reference of the Kennicott formation to the Jurassic. 

Of the form referred with a question to IlalMa occidevtalw^ Dr. 
Stanton says: 

The si)ecimens agree fairly well in sculpture and general appearance with some of 
the figures of Whiteaves's sjiocies from the Liard River, and may V>e i<lentical with 
it. They are, however, somewhat suggestive of IlinnUes IhuvusiHj from the Jurassic ( ?) 
of Siberia. 

Scigawpterln is a genus which <x-curs both in the Jurassic and in the C/rctat^eous, 
but the si)eci*»s is thought by l*rofessor AVard, to whom it was shown, to Ixj near a 
species oc<'urring in the Jurassic of the Pacific^ coast. 

Concerning the genenil relations of the fossils from the Kennicott 
formation, Dr. Stanton observes: 

Thesi* fossils are all either Uj)per Jurrassic or Cretaceous, with a suggestion of a 
somewhat younger age for a few localities. In the i)resent state of knowledge, and 
with these small collections, it is not practicable to detennine whether they represent 
one horizon or several. In my opinion, they ])robably all belong to the Upper Juras- 
sic, though subsetjuent work may show the contrary. The question is connected 
with the still unsolvtMi problem of the exact boundary between the Jurassic and 
the Cretaceous in the Aucella-lx?aring beds of Russia, Siberia, and the Pacific coast 
region of North America. The Aucella occurring in the Copi)er River district appears 
to be referable to a Russian Jurassic sj)ecies, but it is also quite similar to the 
Cretaceous fonn in the Lower Knoxville l^eds of CaUfoniia. The few other forms 
are mostly undes<Tibed species of types that occur both in the Jurassic and in the 
Lower Cretaceous. 
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POST-KENNICOTT DISTURBANCE AND EROSION. 

After the deposition of the Kennicott formation the region seems 
to have been uplifted from it^ previous low position with i*eferenoe to 
the sea and to have suffered a slight deformation, which gave rise in 
great part to the present slightly inclined attitude of the rocks that 
were deposited not long before its initiation. In respect to the amount 
of folding produced this uplift was of umch less importance than the 
earlier disturbance which caused the folding of the Triassic and Car- 
boniferous formations. It seems to have been a regional uplift with- 
out very much of the defonnation w hich comes from lateral pressure. 

The uplift which followed the deposition of early Cretaceous time 
seems to have been regional in its extent, and may be supposed to 
have affected all of the area between the present Wmngell Mountains 
and the coast and to have i*aLsed a large continent from the waters of 
the sea. The limits of the uplift can not ])e determined, but it was 
followed by a period of erosion during which the streams that devel- 
oped upon the new land surface were able to reduce the land very 
nearly to sea level. The events of this period are more fully disciLssed 
in another place.* 

Before the completion of this cycle of erosion a period of volcanic 
activity was commenced which vcrv materiallv altered the character 
of the topography by the upbuilding of immense piles of lava and of 
volcanic tuffs. 

TERTIARY VOLCANIC SERIES. 

Description and occurretuw — In the region about the head of Nizina 
River, extending westward to Mount Blackburn and eastward into the 
Skolai Mountains, there is a series of l>edded volcanic rocks made up 
of andesites, rhyolites, and strata of pyroclastic origin. The main 
distribution of these rocks is in the region which wius not penetrated 
during the explorations of IIKK), but a sufficiently extended view of 
the upper basin of the Nizina was obtained to indicate the relations 
which the series bears to the older sedimentary and igneous rocks. 
The chanicter of the materials is shown by the debris occurring upon 
Nizina Glacier. A single outlier, which is undoubtedly to be cor- 
related with the series, lies north of the tniil opposite the piuss east of 
Kuskulana River. The giMienil relations of the volcanic serit»s in the 
Nizina region are shown in PI. X, Ji, 

Standing upon the high, shaly ridge between McCarthy Creek and 
Nizina River and looking toward the north and the eiust, one sees that 
the black Triassic shales, W4th the massive limestones of the Carbon- 
iferous beneath them and the greenstone still underlying, are folded 
in broad arches or domes, and that these structures have been eroded 
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•• • - 'to a general uniform surface, and upon this surface a series of roeka 
' ' has been nonconforniably deposited. Assuming, as seems allowable, 
that these rocks were deposited in a nearly horizontal position, it is 
evident that there has been some deformation since they were laid 
down, as there is a general dip of the sti*atification toward the north, 
so that the series rising toward the south and east disappeai's where 
the underlying foi*mations come up to form the tops of the range. 
Volcanic rocks, the description of which answers very well to that of 
this series, were mentioned by Rohn as occurring in the region at the 
head of the Nizina and the Tanana, also along the northern edge of the 
St. Elias Range; and an impoi'tant volcanic series on Nabesna River 
has been described by Brooks.^ 

The rocks of the series are said to include rhyolitic, andesitic, and 
basaltic types. A similar series of volcanic rocks is known to occur 
along the northern front of the St. Elias Range. 

Thickness of volcanic series, — No accurate detemiinations of the 
thickness of the volcanic series were possible, but from photographs 
showing it8 occurrence it is estimated that it can not be less than 3,000 
feet in its maximum development. 

The attitude of the series in the Nizina region is illustrated by PI. 
X, B^ which is a drawing based upon photographs. The point of view 
is the high sbaly ridge west of Nizina River, and Nizina Glazier with 
its tributaries and the neighboring mountains are shown. 

Age of volcanic series. — In the description of the topographic devel- 
opment of the Copper River region it will be shown that the land 
surface which was produced through the process of erosion previous 
to the formation of the volcanic series had its origin some time during 
the Tertiary, and with this conclusion as a basis it may be concluded 
that the age of the volcanic series is also Tertiary. There is, however, 
no criterion for determining the exact portion of the period to which 
its formation belongs, though it is doubtless later than the Eocene. 
Brooks shows that the volcanics of the St. Elias Range are probably 
of Tertiary age.* 

IGNEOUS ROCKS. 

The igneous rocks of the Copper River district show a considerable 
variety of types, but since no exhaustive study has been made of them, 
only the most general descriptions can be given in this place. In the 
discussion which follows they will be grouped according to their occur- 
rence in the larger geological divisions of the sedimentary rocks. Their 
representation on the geological map is in no sense detailed, since the 
various granular rocks are not distinguished by distinct colors but are 

1 A reconnaissance from Pyramid Harbor to E*igk* City. Alaska, including a description of the cop- 
per dei)OPits of the upper White and Tanana rivers, by A. H. Brooks: Twenty-first Ann. Kept. U. 8. 
Geol. Survey. Pt. II, 1900, p. 362. 

« Loc. cit., p. 363. 
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separated ^y initial letters. The inlnultHl rtx^ks of rt }>^t^^l\yril io n^^Uuv 
hmve heen given a distinct t»lor. and the same has Uvn done for the 
andesitesu though no attem^^ has Uhmi nuide to si>|vn^te thtv^M>f intru^ 
sive and of extrusive ehameter, 

lutruJtirt rfch^ iu Klfi^iu^i xrrfrv<- The hiirhhmet^niorph\VMHl series 
of rocks which occurs between Tann and ChitJna rivers^ and which is 
supposed to correspond in ag>e with the old nvks that ^H^nir i^<>ar 
Klutina L&ke« are cut in a nu>st intrii^te manner hy dikes and irr^^^- 
ular beds of granite and granite-i>i>rphyrv» but nt> detaiUvl stUti^N of 
them has been made, 

Gret^iJcUmr-^fii^U, — Proliably the okle^st intrusive i»i^ks in theC\>pjM'»r 
River region, aside from those in the Klutina stM"ie>^ aiv the sh<>at>Mi 
greenstones seen in the Copjx^r Mountain mjiss^vs on IVintv William 
Sound, and in the green si^hists which crtvss the i\>pjvr Kiwr at W^hhI 
Canyon. In the Copper Mountain rtvk Kh^I j^tches aiv found which 
retain the original character of the nvk sutliciently to show that it 
was once a tine-grained dialiasi\ but at Taral the t>ri}final uatutv 
of the rock has been entirelv destn>viHl, It is not tvrt^inlv known 
that these rocks ai-eactuallv of an intrusive natun\ simv in manv casV^vs 
rocks originally of similar chan^cter an^ evidently intxM'lM'^ld^Hi witii 
stratified rocks in which they txvur, and theivfotv haw the natutv of 
surface flows. However this may Ih\ the nvks fi\>u\ which thiv^^ 
schists have been derived are evidently older than the metauuM')>hisui 
of the Orc»a series, which is shown by their haviujf Uvn atT<vtfHl by 
similar changes in structun\ bnmght aln^ut thi»ujrh cnishiujj;^ aud 
shearing. 

Intrusive rocks in Vahff's inut f >a>? ^vriVf .v\ Massi\ e ^raiudar t>H^ks 
occur somewhat generally in the Valdos and «HvaHionaUv \\\ lhet>i^^i 
series, and as they ai-e seldom found in a >jfi>>atlv n\etanh>rpho«ed con 
dition they are supposed to have been inti^Hiu^MHl since fhe |n\>d\)c(ton 
of the magmas which affect the Vahles and Oiva i^>cks» These ty^neous 
rocks are of considerable variety, when n^jfaniod (www the s(and|>oini 
of their minenilogical composition andstructun\ h\{\ for (he purpose 
of the present geological discussion they mav i>e y^rt^uped In (hive 
classes: The first consists of typieal cimrseyf rained yfabbinv yfradinyf 
structurally into coai*se dialwisi*; the sct^ontl Is nunle up of ih>el\s of 
types grouped about a more or less lyploal yfmnltts ll»«* thini class Is 
diorite. The gabbros of (he first class are coarse y^ra I netl roc|\«. nunle 
upof broad, irregulargraiiisof anH:l(e, \vi(b somi»y;reenlsh brown horn- 
blende intercrystallized with feldspar, whl<»h Is labraflorllo or bylown- 
ite. Magnetite is also present In (M>nslderable amount as an ac(«essory 
constituent. Variations of sirnclnre are frei|nonl. by which Ihn orill- 
narily granular r<K*k passes in(oan ophltlc phase In which the ati^ltn Is 
sharply defined against the well Indlvldnallr.ed laths of feldspar. 

Gabbros of the ordinary type have been observed aloiijif Uni base of 
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the foothills in the vicinity of Kotsina River, and a large mass of them 
forms the mountains between Lakina and Chitina rivers. They are to 
be found at various points along the Ilanagita tniil, and also show con- 
siderable development in the low^er part of the Chitina Valley, where 
they have been found to carry veins of copper. In Prince William 
Sound gabbro having an ophitic structure was observed on Glacier 
Island. 

Ix>cally the massive gabbros occurring in the Valdes rocks are 
jointed, and in some cases they have been sheared into a greenstone- 
schist which is indistinguishable from the greenstone-schists that are 
elsewhere known to have been derived from basalts or diabase. 
Schistose character, however, is not commonly obsened, and its pro- 
duction in the massive rock must be considered as of later origin than 
the foliated structure of the older sedimentiiry rocks. Copper-bearing 
veins are known to occur in gabbro from float material found uppn 
Kuskulana Glacier, but have not been observed in place. 

Rocks of the granite class have been observed at several points. 
They are characterized bv the occurrence of brown biotite with ortho- 
clase and plagioclase in varying amounts. In some specimens the 
plagioclase is in excess, while in others the orthoclavse seems to be 
principally feldspar. Beside^i? the orthoclase a portion of the unstriated 
feldspar frequently api>ears to be anorthite, and the plagioclase often 
has the characteristic of oligoclase. The presence of these minerals is 
indi(rative of a large amount of soda in the composition of the rocks, 
and to test the inference gained from their study under the microscope 
the following analyses were made by Mr. George Steiger in the chemical 
laboratorv of the Survev: Analvsis No. 1 is of a specimen collected on 
Glacier Island; No. 2 is from the mominc of Miles Glacier, and is 
similar to the granite occurring on Point No well and to the specimens 
coll<?cted from bowlders in the drift of Tana River. 

Aiuihjtws of graniU'A from (ihwler Jttland and the moraine of }files GUwier. 
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The onlv occurrence of diorite which has })een noted in the meta- 

ft- 

morphic rocks is on (xlacier Island, where it is found in contact with 
diabase, but the extent of its distribution has not been made out. 
The rock is granular and of medium coarseness. It consists of ande- 
sine, with small grains and prisms of uralite, between which there are 



rcick may bo <^Iod a qxatrt^.'-tiiorit^v 

Tlirou^hout the C^upioh Xloi)nl:ains iJto Ya1<^on rHV^k> j^iv <v»}^>^^vi\ 
ally cut by small diko# of a luiiiT-<\>k>T>M. fino^^raiwvi ^Nvk^ x\ hiob <^ 
usually very much alrcivd fnini it^^i frosh o^vrninion. In Xht^ \\m\^U\\<^^s 
winch have suffoTvd the least chai^c^^ tlw^ iwk is fo\md ^^ K'^ n>^ido \^> 
of unstriated foWsjiar shi>win^ the n>nal |jt\>x\ihx ^ ith a s^^vaUov a^^u>unl 
of undite and mic^ in narT\>^ orvst^fiK a4>d >^ith a df^nsi\sh\n> iii»\uu< 
mass of indotemiinablo oharaotxf^r. l^o f^^^lds^xar of Uit** \>hon^vv\>U 
is proliably albito and tho nvk is a ratbor unusual ty\>i\ hwX fuHhov 
disi«ussion of its oharaot eristics must Iv dofx^nxnl until a motv ^\>u\|>loto 
petrojrraphic study Iwis UH>n nwde. 

When sotMi in plaiv the while VMvk of the dikes \\\nn>^sf sluuply 
with the darker st^hists and arkt>st^ sandstones of the \ aides se^le^, 
Oeeurremvs of such dikes an^ known on the iNvky islaih\> n^Hir the 
head of Port Valdes. alonj; the Military trail nt>ar Keystone l^^n>\n^ 
and alonjr Copyx^r Kiver alH>ve the numth of the Tonsina> Its n^oiv 
general distribution is known fn>n\ the ol^M^vanee of lh\whh>r>« in the 
stream gravels of the rivers that dizain the rhujji^eh Mountains, 

(rrtifniJirr nn'ks In tht uuiHfttUuovphi\^'*i y^tftm^nfa, The intruileii 
rooks which innnir in the unmetamorpluvs^Hi sediments of the NN*h\n|i>i*U 
region also consist of p\bbn>s, gnuutes^ and tU\>ritie ^^n^kw* lunl in 
addition there is a largt* eross»eutting nu^sx of an«h^site which fonuii^ 
Castle Mountain. The i*ocks aiv» however* \\\{iw distinct in peth> 
graphic chamctor from the rocks of sinnltir name^ which have iilrcinty 
been descrilH^d. 

Tho gabbro in the Mtnmt Wmngt^ll diNtriet in eonllneit» »o fur \\n 
known, to three small areas: One in tin* Kotsina region bet>M»en Long 
Glacier and Kluvesna (ilaeier, another iit i\w liemi of NuggiM ('reek 
north of Kuskulana River, and the thirti jnwt above the fork»«»f Strehia 
Crook. The rocks of thos<» threi* loealltit»H belong to the Name lype» bnl 
show minor variations. The giibbro occurring in the vieiiilty of Long 
Glacier is a coarse-grained rock, oonHlntlngof a very bn«le phigloelaHC, 
pro})ably byt4>wnito, and augite in large irregular grains, Wtlh the 
augite there is a small amount of brown hornblende, wliieli Ia probably 
original. MagiM*tite ocrurs in large* grainM. In fin* gabbro of Hirebia 
Creek there is som<* interstitial mieropegmutite, whieli U prolnibly of 
Hocondary origin. 

A rock which is similar to these guliliros, bnl wliieli Imih Im iiddltlofi 
to the minerals which tliev ('<)ntHin u eonsidenible iMMoiint of Inown 

9 

m'u'ii. was not<*d in the vieinity of the enmsing of the miiln <'hlthiM Mhd 
the Kotsina trails. Here, in the walU of the eanyon, there U n eoHr<M« 
grained granular rock made up of andeMite, dliilliige, hyper^thetie^ 
and a considemble amount of dark brown biotite. Thi> rejatlona of 
this r(H'k are rather unusual, sirire it is u gninidar rook *'Uii\nit ghnlMil 
graviiU. 
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The only granite which has been noted in the AVrangell Mountains 
is located somewhere in the di'ainage of the second Kotsina Glacier. 
Its presence is known only from a specimen collected from the moi*aine. 
It is a fine-grained rock composed of biotite with some plagicx^lase. 

On the north side of the main tributar}" of Kotsina River, near 
Surprise Creek, there is a mass of diorite which varies considembly 
in character from place to place. In some parts the rock is practically 
granular, while elsewhere it becomes porphyritic. It is composed 
essentially of abundant thick prisms of plagiodase, which is probably 
andesine, while between these prisms there is a sort of groundmass 
composed of orthoclase and quartz. Biotite and hornblende occur in 
irregular grains and imperfect prisms. The rock is related to grano- 
diorite, but may be called a quartz-diorite. 

A poiphyritic phase of diorite occurs along the west side of KiLsku- 
lana Glacier, below the forks, though this mass has not been represented 
on the map. The broad dike which is represented as crossing the 
mountain mass between the forks of Kuskulana Glacier is supposed 
to have the same character. 

Porphyries in the ujimetamorphosed sedhnents. — Besides the granular 
or nearly granular rocks already considered, there is a considerable 
variety of porphyritic rocks occurring in dikes and irregular masses 
in the black shales of the Triassic formation and in the shales and 
sandstones of the Kennicott series. These rocks are rather generally 
distributed from the vicinitv of Kuskulana River eastward as far as 
our observations extended. They are well shown in the shale series 
on either side of Kennicott River, and it is to the resistance which the 
intruded rocks have presented to erosion that the mountains of this 
vicinity owe their preservation. Some less impoilant occurrences are 
observed in the valley of Young Creek and as far toward the south 
as Chitina River. PI. VI, B^ is illusti'ative of dikes of fine-grained 
poiphyry cutting the black shale in the walls of Young Creek. 

On the map the intricate intrusion of the shales is represented in a 
diagrannnati(^ way to indicate the character of the intrusions rather 
than the actual occurrence of the cross-cutting beds. 

The porphyries of the class here under consideration are always 
much altered, so much so, indeed, that it is ver}'^ difficult to determine 
their exact nature, but it may be seen that they are all not identical, 
though they are probably closely related throughout. They are 
mostly diorite or quartz-diorite-porphyries, judging from the aggre- 
gates of altered minerals which now make up their mass. They vary 
in grain from cryptocrystalline to porphyritic with stony groundmass. 

These porphyries are, in part at least, later than the Kennicott for- 
mation, of Jura-Cretaceous age, for they are found cutting this series 
in the region between Lakina and Kennicott rivei's, and dikes of 
poi-phyry cut the bedded volcanic series east of Kuskulana River, and 
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in the Nizina region there are masses of unknown character cutting 
across the volcanic series. It appears that in general the intruded 
rocks have been injected at comparatively recent dates, although there 
are no data for determining the priority of one or the other of the 
different types of rock. It may be that the porphyries were intruded 
during the period of folding which preceded the deposition that took 
place in Jura-Cretaceous time, but, so far iis the evidence goes, it may 
be that they were introduced after the deposition of the Tertiary vol- 
canic rocks. 

Andesite cutting the Trmssic. — The mass of Castle Mountain is com- 
posed of a dark andesite, similar to that which forms the surface flows 
of the Wrangell region. On the western side of the mountain the 
contact with the shales and crumpled limestones may be clearly dis- 
tinguished by the contrast between the dark-colored andesite and the 
sedimentary rocks which have been bleached and wliitened through 
contact metamorphism. The appearance of Castle Mountain and the 
andesite contact is illustrated in PL IX, ^1. Looking at Castle Moun- 
tain from the southeast, one sees the contact running in a zigzag course 
down the ridge on the left side, as shown in the picture, and again with 
less distinctness at the right, which is at the base of the steep cliff. 

Irdrmive rocks in Tertiary volcanic series, — The occurrence of dikes 
of diorite-porphyry in the volcanic series has already been noted, and 
aside from this the only knowledge of cross-cutting massive rocks has 
been gained from a distant view of the region lying east of Nizina 
River, between Chitistone River and the first creek flowing into the 
Nizina. Above the foot of the glacier there is a mountainous mass 
which shows the topographic characters that are common in the case 
of massive rocks, and this mass is in part surrounded by the flows and 
tuffs of the volcanic series. This occurrence is the onlv evidence of 
the post-volcanic date of the intrusive rocks, and it must be admitted 
as incomplete. 

Andesite jlmcs, — The recent lavas which oc(?ur on the southern and 
western slopes of Mount Wrangell are typical hypersthene-andesites, 
composed of plagioclase at least as basic as la})i'adorite, much hypers- 
thene in sharply outlined phenocrysts, and a small amount of augite. 
Olivine is sometimes present. The ground mass varies from glassy to 
finelv crvstalline. In color the andesites vary from red to ^Y\i\ and 

ft *' ft. ^7 %f 

black, and in texture from vesicular to close-gmined porphyritic. 

The age of the andesite is Pleistocene and Recent. The form of 
Mount Wrangell is the result of successive lava flows, by which its 
cone has been constructed. The great sheet of andesite to the north 
of the Kotsina drainage lies alx)ve the mass of the Pleistocene, but 
gravels are found resting upon it locally and glacial scoring is also 
observed, so that at some time since the most important outflows gla- 
ciation must have lH*en more extensive than at present. 
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The edge of the lava flow forming the plateau north of the point at 
which Kotsina River emerges from the mountains seems unque^stion- 
ably to have been in contact with the side of a glacier which extended 
outward from the upper vallej^ at the time of the eruption. The same 
conditions may be suggested along the north side of Long Glacier. 

The distribution of the andesite as represented on the map is only 
approximate, and underneath the latest gmvels the lava undoubtedly 
has a much greater extent than is indicated, and over much of the area 
where it is represented gravels may be found above it. 

Just north of Long Glacier the thickness of the andesite is several 
hundred feet, while at the edge of the flow, in the neighborhood of 
Chetaslina River, it is less that 150 feet, and where it reaches Copper 
River and at the crossing of the Nikolai ti'ail on Kotsina River it is 
less than 50 feet. 

PLEISTOCENE AND RECENT DEPOSITS. 

Descrljytum, — The great basin of the Upper Copper River is floored 
by a Pleistocene terrane made up of heterogeneous materials. It is 
composed of unconsolidated gravels, bowlder beds, and fine-grained 
silts. » No complete study of these deposits has been made, but they 
have been observ'ed along Klutina and Tonsina rivers and along the 
course of Copper River from Copper Center to Tai*al. In the obser- 
vations made during the summer of 1898 Schrader seemed to find evi- 
dence that the materials were much finer in the centml portion of the 
basin than at the edges, and upon this basis he concluded that the 
Pleistocene deposits were formed in a large body of standing water 
with encroaching glaciers furnishing gravel and bowlder clay around 
the edges of the basin, while the finer silts that were contributed by 
the glacial streams were naturalh' deposited at a distance from the 
shore. The more extended observations of last summer show" that no 
such genei-al relations of distribution are to be made out, but that the 
fine-gmined silts where they seem to form the principal thickness of 
the basin terrane probably occupy rather limited areas and occur sur- 
rounded by coarser deposits which are not related to them as they 
would be upon the hypothesis of glacial streams entering a large body 
of water. 

Along the course of the Military tniil, on the south side of Mosquito 
Creek some 6 or 8 miles above the Tonsina bridge, banks of blue 
bowlder clay are exposed which are undoubtedly of glacial origin. 
From this point to the neighborhood of Tonsina River there are no 
exposures which are sufficiently good to give any clue to the character 
of th(» surface formation, but in the banks of the creek that joins the 
Tonsina at the bridge there is exposed a bluflp, about 5U0 feet in height, 
composed of h()mogeneous stratified silts. At a distance of 1 mile 
below the bridge the upper part of the blutf, here some 600 feet in 
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height, also exhibits fine-grained materials; but aViove these and form- 
ing the top of the neighboring table-land there are graveU mixed 
with finer materials. Still farther down the river there app<nir?> a 
deposit of true till, having a thickness of 20 feet and lying alxive a 
much greater thickness of cross-bedded sands and clays. In this till 
there is much material of volcanic origin, and in plmres the fonnation 
becomes composed mostly of and(?sitic fragments which may well Ije 
taken for volcanic bombs rather than for fragments that have Vie^-n 
derived from anv massive rock formation. 

The stream gravels along Tonsina River are compr^s^nl of a consid- 
erable variety of rocks, but the mi>st prominent among them are 
andesites and porphyries, similar to those which rxrcur in the Mount 
Wrangell district. With them there are also U^wlders of gabbro. 
granite, and diorite. with occasional limest^>nes. It is ^lelievwl that 
the occurrence of these rocks is indicative of their origin in the 
Wrangell district and of their transfxjrtation across the Copper Ba.*in. 
through the instrumentality of glacial ice. 

Along the west bank of Copj^r River, from the vicinity of the 
Tonsina a<^ far north as the mouth of the Cbetaslina. typi<:al gbuirial 
till f<irm> the principal masses of the Vjasin terrane. a^ «bown in the 
banks of the river. The gravels and silt^* are of minor impr/rtan^-e. 
but in the upper part of the bluffs there I- a stratum f^ompo?^ very 
largely of volcanic materials, similar in all respe^rt^ to that mentionerl 
a» Oi-^-urring Jjelow the Tonsina bridge. A like deposit Is found in 
the ^jant? of the Cheta.*lina for a distance of about .> or •> mOe^. or z^ 
far as the o^*-f?r\-ations were extende^L It :^eem« pr>!f«ible that a 
detailed studv of the Ijet-^in terrane wouki reveal a definite ^u^xf^^Hm 
of events in th<- Plelst^xrene hi^torj' of the region, ^^t flie 'lata at 
prewrnt available are not *«ufficient for working out any such s^-berfie. 

In the rf-latioa-* exhibited along Cbetaslina River an imf^^rtant event 
Is recognized in the *-xtnj»ion of andei^ite. which there re>t* upon the 
till and gravel. It U only a ••hort di>tawe \f(^Upw thl- lava that the 
de|x^it of fragmental voK^anir material '^y::r-ur->. and her*- the '-hani#-ter 
of ih*- material l-? again vfry -ugg^-^-tive that it rnay have ^ff^u dl*- 
tri'vited over the r*^on direrrtly \v voU^n'w a/rtion. in the form r>f 
^xyfr/'^ thrown from a crater. It i* ttK>fight thiat the 'jifrrrirrfTj^-e of 
tfc**- a/ade??ite smrrjediately a^#r/ve thi- deprj^fh i* in jfeneral ^-orroV/rative 
of tr.i- view, 

lV-i'j.w Tor..-ina River, ou tit^' ^'-^^t Atlf- of the ^.'opper. tr.*- river 
*«ir.k:« hav*- ^ rw^i^it of 4^*» to '>•» f^-t. \tA Xt^-z^ t^iey are ^'orf:[x/-^ 
T-j-ry larrf^-iy of tKL Here al*^j afi^ie^it^ '/•'#rir- in tb^r "F^^^ p^^ ^>^ 
tL»5- -Vprr-it. itf,.-: t:h*;* 'X'^rrirrer^-e apj^^ar^ -o 'j^- ♦r./' w^-f^-m *-xt^rfX>a 

trri*:*^ V/THif: •r>' *a.-r. vrrorfJr.sr '/f rry>r«- :rr;{x*rtaj'i i^- >i* the :ij >it'*iit^Kt^ 
ar- r^-^ Zjt-fV, rjiL*t of tr*^ t/sui yh^^^ibf^ i:^/:t. f ^f»-»iria to tf*e '\f^r 
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Chitina the andesite is of considerable importance, and here gives rise 
to a prominent bench which may he traced northward to the point 
where it connects with the andesite alread}' mentioned as occurring on 
Chetaslina River, and from this point still northward, forming a marked 
terrace for a distance of at least 10 miles. Wherever observed there is 
evidence that the andesite was poured out during the Glacial epoch. 
The greatest thickness of the glacial deposits is below it, but in pro- 
tected places it always shows surfaces which have been smoothed by 
ice action, and there is no considerable area of the andesite exposed 
that does not carry exotic bowlders upon it. Locally there is also 
a considerable amount of gravel resting upon the andesite. This 
relation may be seen on Copper River in the vicinity of Bellum's, and 
also at the crossing on Kotsina River. 

Mode of occurre7i€e. — ^The basin of Copper River is a broad 
depression lying between the Chugach Mountains and the Mount 
Wrangell Range and opening northward to the region of low relief 
lying between the Chugach and the Alaskan Range. The genera) 
confines of the basin follow the course of Copper River, but the tribu- 
taries of that stream have cut back into the mountains on both sides 
and have produced broad valleys which join the main depression at 
right angles to the course of the Copper, and which show the same 
general type of topography and are veneered by the same kind of 
surface deposits. Upon any one of these tributaries — for instance, 
Tonsina River — it is found that the wide valley extends well back 
toward the main head of the drainage, and that while the hard rocks 
ma}'^ be exposed in the upper part they become buried at no great 
distance from the head of the streams, underneath deposits pf loose 
materials which are seen to have a considerable thickness. These 
deposits are evidently the result of an infilling of the older, deeper 
valleys, but they do not show the characteristics of gravels and sands 
laid down in standing water, for a body of quiet water that was 
completely filled by materials brought in by the rivers would result 
in the formation of a level surface. Such a level surface is not found, 
but, though the deposits seem to deepen with the downward course 
of the stream, they still slope from above downward, and the cross 
section of the valley at any point shows the surface to have always 
been much lower in the center than on either side. 

There is a general fall of the basin surface from the broad divide 
between the Copper and the Sushitna drainage and the mouth of Wood 
Canyon, where the river enters the Chugach Mountains. The cross 
section of the basin also shows a general slope from the vicinity of the 
river toward the mountains on either side. The materials do not 
seem to vary, however, from the center to the side. The manner in 
which the beds occur seems to be conclusive evidence that their present 
surface is in accord with the bed-rock topography existing previous to 
the deposition of the basin terrane, and points to its origin as a result 
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of ice deposition and the redistribution of glacial materials through 
the instrumentality of glacial streams, with local lakes in which the 
finer silts were formed. 

Distribution and thickness, — The distribution of the basin terrane is 
genei*al in the vallej^s of Klutina and Tonsina rivers, which drain the 
Chugach Mountains, and in the great valley of the Chitina, which 
drains the region between the Chugach Range and the Wrangell and 
Skolai mountains. It also occurs as the floor of Hanagita Valley, 
connected directly with the surface formations in the vicinity of Tana 
River. 

Along the northern side of the Chitina Basin there are knolls and 
hills of the basement rock rising through the gravel deposits, but 
toward the northwest, in the main basin along Copper River, the old 
topograph}' seems to have been almost completely buried, and it is 
only occasionally that any bed rock is exposed even in the bottom of 
the canj'ons. The tributaries which have their rise in the plateau 
between the Copper drainage and that of Sushitna River lie almost 
completely in the deposits of the basin terrane, and it is repoited by 
prospectors that there is no solid rock exposed except in the upper 
part of Chestochina River, which has its rise in the Alaskan Range. 
Still to the west of the Matanuska divide the Pleistocene deposits are 
known to occur over wide areas in the basin of Sushitna River. 

The maximum thickness of the Pleistocene deposits which has been 
observed in the southern part of the Copper Basin is more than 500 
feet, >)ut the actual depth of the unconsolidated materials is probably 
in places considerably in excess of this figure. 

Sand dunes, — Sand dunes are of very frequent occurrence along the 
top of the river bluffs within the Copper Basin. In many places the 
entire slope from the river bed to the top of the bank is covered with 
fine sand of eolian origin, and along the top of the bluff there are banks 
of sand from 10 to 20 feet in height. Dunes were observed along the 
northern bank of Tonsina River practically all the way from Trout 
Creek to its junction with Copper River. They are also prominent 
features along Chetaslina River and locally along Copper River itself, 
and have been observed in the upper basin of Chitina River. The sands 
of which these dunes are constructed seem to have been derived entirely 
from the bare flood plains of the rivers, since all the rest of the region 
is heavily covered with vegetation. These flood plains dry off with 
extreme rapidity after the heaviest I'ains and furnish plenty of fine 
rock dust which, being taken up by the wind, frequently fills the air, 
to the extreme discomfort of those who have occasion to travel along 
the beds or banks of the rivers. 

Besides wind-blown deposits in the forms of dunes, the surface soil 
is frequently composed of fine sand, doubtless of similar origin, and 
careful investigation would prol)ably show that eolian deposits are 
rather generally distributed over the Copper Basin. 
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FAULTS. 

Displacements of the formations occurring in the AVrangell region 
are not at all infrequent, and while the faults are usually of small 
importance structurally, they are frequently followed by mineral- 
bejiring veins. An example of this is seen in the Nikolai vein, which 
follows a fault having a throw of several feet. Two faults of very 
considerable importance have, however, been recognized where they 
cross Nizina Kiver, while, from the observed relations of the various 
formations, a third break is supposed to exist in the Kotsina region. 
On the west side of Copper Creek the Chitistone limestone is found 
dipping toward the west and overlying the Nikolai greenstone in its 
normal position, while on the east side of the creek the greenstone 
comes in contact with Triassic shales; and though the relations of the 
former were not studied suflSciently in detail to allow the representa- 
tion of the fault on the geological map, a break has been shown in the 
geological cross section in accordance with the hypothesis of a fault. 

There is a fault crossing Nizina River about 3 miles above the 
mouth of Chitistone River, and though its occurrence was noted, no 
opportunity was afforded for a detailed examination. This feature 
was observed bv Hayes in 1891 and described as an overthrust fault 
having a displacement of over half a mile.* The representation of 
this fault on the geological map must be taken as onh^ approximating 
the actual relations. 

The most prominent fault which has been recognized is the one 
which limits the southern extension of the greenstone as it crosses 
Nizina River. Here the shales of the Triassic are brought against 
the Nikolai gi'eenstone, and though the actual fault plane was not 
observed, it is seen from the horizons which come in contact that the 
displacement must amount to 3,000 or even 4,000 feet. East of Nizina 
River the continuance of the break is not known, since the region was 
not visited, but toward the west it probably extends for a considera- 
ble distance, and on the east side of Kennicott Glacier the displace- 
ment must still be in excess of 3,000 feet. The fault was also observed 
on the west side of Kennicott River, and from this place it is 
probably continuous to Lakina River, where there is a displacement 
of several hundred feet. In age this great structural break ante- 
dates the deposition of the Kennicott formation, and its production 
probably belongs to the post-Trijissic period of uplift and deformation. 

PHYSIOGRAPHY. 
OLTLINE. 

The physiographic features of the Copper River region fall natu- 
rally' into four divisions: the Chugach Mountains, the Copper River 
Basin, the AVrangell Mountains, and Prince William Sound. 

1 An expedition through the Yukon district: Nat. Geog. Mag., Vol. IV, 1892, p. 141. 
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As indicated on the accompanying' map, the Cbugacb Mountain:^ 
occupi* a iX)astal belt connected with mountains of tbe St. Elias Range 
toward the east and with Kenai Peninsula toward the west. The 
width of this belt is in general about 5<> miles, and the mountain sum- 
mit* reach an elevation varying between 5.U<H) and 7,(H» feet, though 
usualh' grouped about the elevation of 6jXK» feet, while above this 
level occasional peaks rise to perhaps 8.1HW feet. To one who crosses 
the range on the Military trail, keeping to the valleys and low passes, 
or to one who descends Copper River in a boat, this general uniformity 
of level is not apparent; but from any considerable elevation within the 
region the impression is verj' strikingly presented that the summits of 
the Cbugacb Mountains represent the surface of an ancient plateau 
from which the Cbugacb Mountains have been car\'ed. 

Tbe range is completeh* ramitied b\' deep valleys, between which 
the mountainous masses are graded in smooth slopes from the stream 
beds to tbe usually narrow ridges. Broad summits are of rare occur- 
rence, and tbe river vallevs are never canvon-like in their main fea- 
tures. though tbe\' mav have narrow gorges in tbe lx)ttoms of their 
otherwise open valleys. Topograph}' of this t^'pe is characteristic 
of a mature stage of topographic development. 

To the north of tbe elevated region occupied by the Cbugacb Moun- 
tains, and between them and the Alaskan Range and tbe Wrangell 
Mountains, lies the Copper River Basin, which is joined on tbe east 
by the wide valley of Cbitina River and which opens toward the north- 
west into a broad plateau that is drained by the headwaters of the 
Matanu.>ka and Susbitna rivers and bv tributaries of tbe Tanana and 
the Cop[)ei^ The width of tbe basin below Klutina River, where its 
featun^s have l)een observed bv the writers, varies from 10 to 25 miles, 
while toward tbe north it widens to more than ^} miles, measured from 
the foothills of Mount Sanford across to the h*?ad waters of tbe Cook 
Inlet drainage. Arms of the basin extend as broad intaglio features 
up all tbe main tributaries that penetrate the neigh lx)ring mountains. 
An illustration of one of these tributary valleys is given in PL X. J, 
a drawing made from a photograph looking up Tonsina River into the 
Cbugacb Mountains. Tbe floor of tbe Copper Basin slopes from the 
plateau level of abf>ut SjHX) feet on tbe north to about ijnM) feet 
at the lower end, where tbe waters that are collected within its con- 
tine:^ cut acro>s tbe Cbugacb Mountains on their way to the Pacitic 

fJcean. 

Be\'ond tbe Copper Basin lie the extremely rugged mountains of 

the Wrangell group, forming a great elevated mass with several prom- 
inent mountain peaks reaching alx)ve 12jX^) feet, and in tbe case of 
Mount Blackburn above 16,<M) feet. Tbe Wrangell Mountains are 
made up in large part of igneous rocks, both in the form of intrusions 
and in that of extruded volcanic materials. The latter belong to two 
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series, the older of which is supposed to have been thrown out in Ter- 
tiary time, while the younger is much more recent and contains out- 
flows which show that volcanic activity has continued practically dow^n 
to the present time. 

Prince William Sound is the name applied at present to the body of 
salt water which lies between Copper River and Kenai Peninsula. It 
was formerly known as Chugach Gulf, but, strictl}^ speaking, is an 
archipelago, since it is studded with islands to the number of fifty or 
more. The southernmost of these islands separate the waters of the 
sound from those of the Gulf of Alaska. 

The physiography of the Copper River region has been studied in 
a general way by the writers, and from the features observed the prin- 
cipal events of the erosional history have been deduced. The region 
has been above the sea for a long time and tas been affected by succes- 
sive uplifts, with intervening pauses, during which erosive agencies 
were active in the production of topogi'aphic forms whose remnants 
have been preserved to the present time. Three distinct uplifts have 
been recognized, with possibly a fourth, for which evidence is not so 
strong as for the others. The events may be outlined as follows: 

I. Uplift of the region subsequent to Kennicott deposition, followeii by a very 
complete erosion, with the production of the Chugach j)eneplain.* Before 
the completion of the peneplain vast quantities of volcanic materials were 
erupted along the northeastern border of the region. The amount of the 
first uplift is unknown. 
II. Uplift amounting to 3,000 or 3,500 feet subsequent to the production of 
the Chugach peneplain. After this uplift the streams cut their channels 
close down to base-level, and by headwater erosion reduced their divides to 
a fairly uniform height. 

III. Uplift of from 2,000 to 2,500 feet, causing a revival of erosion and the incision 

of the older broad valleys. In this epoch vigorous and long-extended water 
erosion seems to have been followed by ice erosion, producing broad 
U-shaped valleys. 

IV. Probable uplift, at least locally, with continued glacial erosion in the con- 

stricted valleys of the mountains and deposition of glacial debris in the 
more open basin of Copi>er River. 

POST-KENNICOTT UPLIFT AND EROSION OF CHUGACH PENEPLAIN. 

The next event after the deposition of the Kennicott foiination, of 
which we have any record, consisted in uplift accompanied by slight 
folding, but w^hether this elevation closely followed deposition or was 
separated from it by a considerable interval is not known. By this 
upward movement the region was brought above sea level, and appar- 
ently the relations of land and sea then established were maintained 
without important oscillation until the entire region now drained by 
Copper River was reduced to a rolling plain. 

'The word i>eneplain is In general used for surfaces of low relief which, like the Chugach Plateau, 
have bad their origin in long-continued erosion of the land. 
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The plateau character of the Chugach Mountains is well seen from 
any elevated point in the foothills of Mount Blackburn. The level 
crest line is a very striking feature to the eye. for at the distance of 
25 or SO miles the details of the dissection which this old plateau has 
suffered since its uplift are lost and only the upland is seen. On a 
clear day the snow-covered peaks in the vicinity of Mount St. Elias may 
be plainly dlrtinguished, rising high above the general level of the 
plateau. The foothills of Mount Blackburn, and possibly those of the 
Wrangell Mountains that are not composed of recent andesites. fall 
into the Chugach Plateau, but are separated from the Chugach Kange 
by the valleys of Chitina and Copper rivers, more than 4jhX» feet 
in depth. In these foothills the peneplain is found to cut across the 
various sedimentary rocks, including the Kennicott formation, which 
gives the only direct evidence of the age of the erosional features, show- 
ing that they were produc-ed later than the early Cretaceous. 

In the Wrangell Mountains and east of them, in what have been 
called the Skolai Mountains, at the head of Nizina, White, and Tanana 
rivers, the erosion which reduced the Chugach region seems also to 
have been active, so that this region was more or less completely 
planed off. but now these mountains stand above the plateau level. 
The geology of these high mountains indicates that during the later 
stages of the reduction of the peneplain a vast amount of volcanic 
material was thrown out upon the surface of the land, over an area 
which must have been several hundred square miles in extent.' The 
relations of the comparatively flat-lying volcanic series to the underly- 
ing folded sedimentary rocks are illustrated in PI. X, B. which has 
been drawn from photographs taken from the peneplain level upon the 
ridge >>etween McCarthy Creek and Nizina River. In the region to 
the right of the field represented in the drawing the edge of the vol- 
canic series is seen, and beyond their last exposures the surface upon 
whiih thev rest mav >>e followed in the uniform summits and identi- 
fied with the peneplain level of the foothills. 

The volcanic depcjsits were probably removed from much of their 
original area lief ore the final completion of the peneplain in the sur- 
rounding i-ountry. They have alM> been still further eroded since the 
Chuga^'h uplift, and the underlying land surface upon which they were 
thrown out ha> l>een rwliscovered loi-ally. as in the portion of the 
>kolai Mountain> lying next to the Chitina Valley and in the Black- 
hum fcK>thills. 

Th#* present uniform summits and level sky lino furnish ground 
for the l>elief that a similar complete reduction of the land was 
suffers! by the coa.st range which lies to the southeast of Mount St. 
Ella**, forming the lower strip of Alaska and extending into British 
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Columbia, and it is reasonable to suppose that the reduction of both 
regions was contemporaneous. The great mass of Mount St. Elias 
may always have stood somewhat above this plain as an unreduced 
area, but such evidence as has been gathered gives ground for sup- 
posing that there has been very recent local uplift in this region, so it 
is likely that in the general uplift of the present coastal belt there has 
been an excess of elevation to which the present height of the Mount 
St. Elias mass above the general level of the surrounding plateau 
is due. 

The age of the peneplain is known to be later than the deposition 
and uplift of the Kennicott formation, since the strata of that forma- 
tion were in part removed by its erosion. The age of the Kennicott 
formation is not younger than earliest Cretaceous, but it is probable 
that, while erosion may have been going on during the latter part of 
Cretaceous time, the final production of the lowland surface was not 
accomplished until Tertiary time. Of this there is no direct evidence 
in the field, but the Miocene is known to have been a period of erosion 
over a wide extent of country, both in Alaska and in British North 
America. Spurr has assigned the production of the Yukon Plateau 
to planation in Miocene time; thus it would diflfer in age from the 
corresponding interior plateau of British Columbia, which is consid-, 
ered by Dawson as of Eocene age. It may eventually be possible to 
correlate the Chugach peneplain with the Yukon Plateau, but the 
existing knowledge of the topography along the northern margin of 
the St. Elias Range southwestward as far as the vicinity of Mantasta 
Pass indicates a greater probability that the Yukon Plateau may cor- 
respond m age to the second erosion level of the Copper River district. 
In this case, if the Miocene age of the Yukon Plateau be accepted, the 
age of the Chugach peneplain will probabl}- have to be placed in the 
Eocene. 

UPLIFT OF CHUGACH PENEPLAIN AND SECOND PERIOD OF EROSION. 

The present character of the Chugach Mountains and of the Wran- 
gell Mountains, except in so far as theii- topography was modified by 
upbuilding through volcanic agencies, is due to dissection, which has 
been the result of uplift from the low position relative to the sea 
which the entire region occupied on the completion of the Chugach 
peneplain. The total amount of uplift which the region has sustained 
to the present time has not been less than 6,000 feet, but the elevation 
was not all accomplished at once. This is indicated by several levels 
of partial down-cutting which are observable within the Chugach 
Mountains. It is believed that the first uplift following the pro- 
duction of the peneplain amounted to about 3,000 feet, or possibly 
somewhat more, and that the raising of the region was followed by 
a long pause during which the streams occupied nearly their original 
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channels, wearing them down almost to sea level, and reducing many 
of the passes between the heads of the opposing streams to a level 
much lower than the surface of the old peneplain. Instances of such 
reduction of stream divides are seen in various parts of the Chugach 
Mountains along the line of the Military trail. Thomson Pass, between 
Lowe River and Ptarmigan Creek, and Kimball Pass, between two 
tributaries of Tonsina River, may be given as examples; but the still 
lower flat divides, such as Marshall Pass at the head of the Tonsina, 
the pass between the Kanata and Mosquito Creek, and the low divide 
which opens into the Tazlina drainage north of Klutina Lake, can 
hardly be explained in this way. Their significance will be referred 
to farther on. 

Another set of related phenomena, probably produced during the 
same period of erosion, is seen in the hanging valleys that are found 
high up in the mountains. These are broad drains, often several miles 
in length, generally with sloping floors which seem to have been cut 
oflf bv the erosion of the main vallevs to which thev are tributarv at a 
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date later than their production. One of these hanging valleys occurs 
on the west side of Copper River opposite Wood Canyon. The floors 
of this valley and several adjacent valleys have been truncated at an 
elevation somewhat below 3,000 feet. At their heads the mountains 
rise to approximateU^ 6,000 feet. Wherever these broad valleys are 
found they bear the marks of having been occupied by glaciers, but 
it is considered that they must have existed as topographic features 
previous to the glaciation of the region and that the work accomplished 
on them by the ice has merely been the smoothing and ^indening of 
depressions excavated by stream erosion. The fact that thev- were not 
cut deeper by the ice is possibly due to the presence of a deep trunk 
glacier in the adjacent valley of Copper River at the time they were 
Oi'cupied by the ice. 

An especially notable topographic feature of the region, the origin 
of which is related to the supposed period of arrested uplift following 
the elevation of the Chugach peneplain, is the depression which runs 
parallel with Chitina River within the Chugach Mountains. This 
depression was traversed by the sur\"ey exploring parties from the 
upper Chitina to Copper River, en route to the coast. It has l^en 
named Hanagita Valley, from the present chief of the Taral Indians, 
whose hunting grounds in the upper basin of the Chitina River are 
reached by the trail which follows its course. The general features of 
the valley and the surrounding mountains are well exhibited on the 
topographic map, and some of the detail is illustrated in Pis. XI 
and XII. 

The bed-rock topography of Hanagita Valley has been greatly 
obscured by the deposition of a thick mantle of glacial debris extend- 
ing throughout its whole length; no rock exposures were noted in the 
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valley from the eastern end to the Tebay ; here, however, gabbro is the 
prevailing rock, and bed rock again appe^irs on the divide between the 
western bmnch of the Tebay and the stream which flows directly to 
Copper River. The present topography of this entire valley is wholly 
dependent upon the Pleistocene deposits by which it is floored, in 
which regard it resembles the main Copper River Basin. The streams 
in their lower courses have cut deep trenches into the unconsolidated 
debris, but have not yet drained the glacial lakes which lie in the 
upper parts of their drainage. 

Underneath the covering of glacial materials the bed-rock floor is 
still verv much above the stream beds of such rivers as the Tonsina, 
Tiekel, and others which have adjusted their channels to the position 
of the master stream of the region. The valley is thus several hundred 
feet higher than the bed of the adjacent Chitina River, to which the 
streams have not been able to reduce it through the process of head- 
water erosion. 

To one who passes through the Hanagita Valley the impression is 
very strongly presented that it may have been occupied at one time 
by a continuous river which emptied into the Copper below Taral. 
Against the acceptance of this suggestion it may be noted that the 
present main tributaries of the Chitina which cross the Hanagita 
Valley and penetrate the Chugach Mountains are comparable in length 
and volume with those which drain directly into Copper River and 
which are supposed to have originated upon the Chugach peneplain. 
It is deemed more probable that such streams as Tebay and Chakina 
rivers were developed as tributaries of the Chitina at an early date 
than that the southern tributaries of that river could have been con- 
fined for a long period to the northern slopes of the narrow moun- 
tainous belt between the Chitina and Hanagita valleys, and aftei'wards 
have diverted the drainage of the interior valley. If the drainage of 
the Hanagita Valley had been tapped by the Chitina tributaries at a 
recent date, it would be anomalous that the southern affluents of the 
interior and less important stream should have been so much longer 
than those of the master stream at the date of the supposed piracy. 
It would also hardly have happened that the location of the pirating 
streams should have been exactly opposite the principal valleys leading 
into the Hanagita depression from the Chugach Range. 

It is conceived as a necessary corollary of the existence of the pene- 
plain in the Copper River district that the streams by which its reduc- 
tion was accomplished were completely adjusted upon its surface long 
before the close of its erosion. It is also conceived that the entire 
present drainage system of the Chugach Mountains is inherited from 
the streams which were developed upon the peneplain. The regular 
spacing of the major streams and their tributaries, with the location of 
the main divides at equal distances from the master streams, as in the 
case of the pass between Kanata River and Mosquito Creek, together 
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with the rectaogalar character of the drainage lines throogfaoat the 
region, all seem to indicate a more perfect adjostment than coold have 
rented in so short a period as tuis elapsed since the a|dift of the 
Chugach peneplain. Cpon the basis of this argument the persistence 
of the Hanagita Valley as a line of drainage parallel to Chitina River 
after the completion of the peneplain would be distinctly anomalous 
in the general scheme of stream development^ since the peneplain 
stage would be the time best suited for the diversion of its waters to 
the Cbitina. On the other hand, if the parallel drainage to Copper 
River existed at the time of the uplift, it would seem most natural for 
it to have persisted to the present time, since it would have had an 
advantage over the short tributaries of the Chitina in the large volume 
of water that it received. 

From these considerations it is considered most probable that the 
Hanagita Valley has been produced through the erosion of branches 
of the Chitina tributaries rather than bv excavation of a continuous 
river which may once have occupied it. It would seem at first sight 
that the form of the valley mi^t throw important light upon the 
problem, but there has been so much molding of the mountain sides 
by ice action^ and so much infilling of the valley bottoms with materials 
of glacial origin, that all significant features have been either destroyed 
or covered up. 

It is suggested as a hvpothesis, which no opportunity was presented 
for testing, that the valley may mark the position of a zone of soft 
rock: but if this is the case it is to be wondered that there is no vallev 
on the west side of the Copper Valley following a corresponding course. 
The presence of soft rock would be favorable to the excavation of the 
valley by either of the processes which have been suggested, but offers 
no means of distinguishing their relative validity. 

On the topographic map a wind gap is shown crossing the mountains 
about halfway up the eastern tributary ot Tebay River, and it is pos- 
sible that this mav indicate a former direct outlet to the Chitina Vallev 
and the capture of the former tributary of the Chitina by Tebay River. 
If this evidence could be accepted, it would conclusively disprove the 
hypothesis of a continuous stream in the Hanagita Valley. 

East of Chitina River evidence of the land surface produced in the 
second period of erosion is seldom presented. The only topographic 
features for which this origin can be suggested are the divide upon the 
trail to the Nikolai mine between Chokosna Creek and the Lakina 
drainage, and the high rock bench south of Lakina River, below the 
point at which it turns to the east. Both of these areas have been 
transgressed by ice. but in their broad character and their altitude 
both correspond with the features described above, and may be taken 
as representative of the land surface of the second period of erosion. 
Probably the prominent rock hills which lie in the Chitina Valley 
surrounded by Pleistocene deposits, and which reach ele\^tions of about 
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3,(KX) feet, represent the floor of the broad depression produced by 
that river during the same period, though they have doubtless been 
somewhat reduced by glac'ial erosion. 

In the Wrangell and Skolai mountains the second epoch of erosion, 
like the later part of the firnt, was devoted to the removal of the vol- 
canic covering which had been thrown out upon the surface of the 
land and to the deepening of canyons in the underlying rocks. The 
deeper of the present canj'ons have not yet reduced their floors below 
2,000 feet, so that the present relief is scarcely more rugged than that 
which existed at the close of the second epoch of erosion. Any low- 
lands which may have been produced along the deep and narrow can- 
yons have }M»en effaced by the subsequent erosion, largel}' that of the 
great glaciers, the wasted remnants of which extend well down in all 
of the mountain valleys. Throughout all this period, and continuing 
to the present time, there has been within the Wrangell region con- 
flict between upbuilding by extravasation and degradation by erosion; 
Mount Wrangell has at intervals poured out great sheets of lava, 
and pro}>ably there have also been other centers of eruption. In this 
way the tendency has been to preserve the rugged character of the 
topogmphy. 

It is supposed that at the close of the second cycle of erosion the 
streams in the region at large, outside of the mountains mentioned in 
the preceding paragraph, were flowing in valleys which had been 
adjusted to lowgrndes through long-continued erosion. Probably the 
Copper Basin was a broad, open valley, on the coastward side of which 
arose the Chugach Mountains to a general elevation of from 3,000 to 
8,500 feet, with their plateau character even better exhibited than at 
present. The mountains of the Wrangell region doubtless reached a 
considerably higher elevation. 

THinO UPLIFT AND EROSION OF COPPER BASIN. 

The second epoch of erosion, the results of which have been out- 
lined in the foregoing paragraphs, seems to have been followed by a 
general uplift, bringing about a third period of down-cutting. From 
the rock terraces which represent the result of this erosion it is esti- 
mated that the amount of the upward movement was 2,000 to 2,500 
feet. The relations of the different land surfaces mav be made out in 
the vicinity of Taral, where the floors of the hanging valleys are trun- 
cated at an elevation somewhat below 3,000 feet, while the top of the 
bench into which Wood Can von has been cut has an elevation of about 
1,000 feet, leaving 2,000 feet for the approximate amount of the eleva- 
tion, though this determination has only the value of an approxima- 
tion. The valley floors of the third period of erosion are represented 
from place to place all the way from Taral to the coast, as well as in 
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the valleys of the tributaries of Copper River. Such a valley bottom 
was traced by Schrader* in 1898 all the way up Tonsina River to Mar- 
shall Pass, across which corresponding features were found in the 
head of Lowe River. On Tsina River rock benches are found above 
the present valley floor, and below the junction of Tsina and Kanata 
rivers, which unite to form the Tiekel, there is a similar feature with 
a recent canvon cut into it. In the case of the Kanata, the whole 
valley seems to be still upon the ancient floor, never having been 
excavated below the old grade; consequently the low divide at its head, 
with an elevation of 1.900 feet, would seem to represent the lowest of 
the three ancient land surfaces. Likewise the divide between Klutina 
Lake and Tazlina River, which has about the same elevation, is 
probably to be similarly correlated. 

Erosion which has reached below the terraces seems to have been 
partly effected by the ice, but is also in part the result of general cut- 
ting by running water, accomplished since the valleys have been 
va<"ated bv the ice. Wood Canvon has the character of a stream-cut 
gorge, and similar features are found along the tributaries of Copper 
and Lowe rivers, but the lower portions of the valleys which have 
been filled to great depth by the recent deposits of the river can hardly 
have been produced except by the gouging action of moving ice. 

The great broadening of the basin of upper Copper River was 
probably accomplished in the second erosion epoch, when the hanging 
valleys and the di\ndes at approximately 3,<XH) feet were produced. 
After the subsequent uplift the valley floors of the main rivers were 
raised to an elevation of not more than 3.0i^K> feet, and probably not 
less than 2,500 feet. This estimate is made upon the basis of allowing 
a maximum of 50i^> feet for the difference in level between the master 
streams and the divides at the heads of the tributaries after the grad- 
ing was completed. It is reasonable to suppose that after the uplift 
no great time was consumed by the streams in excavating canyons and 
in establishing new grades, and then the process of broadening the val- 
ley's was again taken up. Possibly much of the earlier erosion was 
made easier bv the occurrence of soft rocks over the area of the 
present ^>asin, and this was certainly a factor in the upper basin of 
the Chitina, where the present wide valley is due to the soft Triassic 
shales: but in the main Copper Basin the later erosion, at least, 
was in metamorphic rocks so far as the few exposures which have 
been obser\'ed give any indication. If the old liasin floor as it existed 
after the third uplift were restored it would present a more or less 
rolling surface, having a general elevation of between 2,500 and 
3,000 feet. This surfa<re is now represented by the hills which rise 
through the PleistcK-ene deposits in the lower valley of Chitina River, 

1 A noontxtkiamatx of a part of Prinf«r William Hound and the Copper River di«trict, AUsIul, in MSB, 
bjF. C. Schrader: Twentieth Ann. Kept. f'. H. dttfl. Surrey. Part VII, 1900, p. 397. 
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but their original height has probably been somewhat reduced by the 
erosion of the ice sheet which recently occupied the basin. 
' The configuration of the rock surface below the Pleistocene deposits 
of the Copper Basin probably has considerable diversity of relief, but 
this is not now obsiM-vable because of the thick covering of glacial 
debris. Near the confluence of Chitina and Copper rivers bed rock is 
known to lie below the elevation of 600 feet underneath the Pleisto- 
cene deposits, while below Chetaslina River there are exposures of 
bed rock at an elevation of approximately 700 feet above the water 
level of Copper River. From these figures it is seen that the relief 
of the present rock floor within the lower part of the basin amounts to 
as much as 2,000 feet. Concerning the northern portion of the valle}^ 
no data are available and its features must be left out of the present 
discussion. 

The accomplishment of such reduction as has been eflfected below 
the floor of the second epoch of erosion would seem to correspond 
in age with the production of the rock terraces of lower Copper River 
which have already been described. If, however, these features are 
correlated it must be that there has been a relative elevation of the 
region south of Chitina River in the vicinity of Copper River. The 
rock terrace at Wood Canyon is now 500 feet or more above the l)ed- 
rock floor of the adjac*ent part of the basin north of Taral, and this 
figure may be taken as the approximate amount of the uplift. It is 
this supposed uplift which is last mentioned in the outline of the 
physiographic history on page 64. From the freshness of the gorge 
at Wood Canyon it is thought probable that this deformation, which 
must be in the nature of a fault or an abrupt fold, took place during 
the occupation of the ice. It can not, however, be definitely stated 
that such an uplift actually took place, for there is no other evidence 
for its existence than the attitude of the barrier into which the river 
has cut a channel to the depth of 500 feet at Wood Canyon, where 
Copper River enters the Chugach Mountains. 

On the hypothesis that the Copper Basin formerly dmined into 
Sushitna River and thence into Cook Inlet, it may be supposed that the 
barrier at Wood Canyon represents an old divide between this drain- 
age system and the coastward system of the lower Copper region, 
but, as will be shown in what follows, this hypothesis is at present 
believed to be untenable, so that if deformation can not be called upon 
in explanation of the topographic features at the head of the lower 
constricted portion of Copper River, the origin must remain a matter 
for further consideration. If the uplift be accepted, its very recent 
date may be inferred, because if it had preceded the ice it would seem 
anomalous that the rather narrow vallev at Tai'al should not have been 
more deeply excavated by the flow of ice, which, from the configura- 
tion of the region, must have concentrated toward the low pass and 



PHYSIOGRAPHY. 73 

produced the conditions best suited for lowering the barrier at least to 
the level of the valley floor above Taral; whereas the supposition that 
the present bench at Wood Canyon was formerly continuous with the 
rock floor of the basin above allows for much reduction having been 
completed previous to the very recent deformation. 

The origin of the Copper River Basin has been the subject of spec- 
ulation in two papers which appeared in the Twentieth Annual Report 
of the Geological Sur\'ey, Part VEI. Mendenhall * suggests that the 
Copper Basin was at one time during the Pleistocene period occupied 
by a lake in which the silts and gravels that now cover the region 
were deposited. It is conceived that the materials wei"e derived from 
bordering glaciers which probably never coalesced to fill the basin. 
This author also suggests the possibility that the waters of the Copper 
Basin once drained into Cook Inlet along the line of the present 
Sushi tna River. 

Schrader* makes similar suggestions. He supposes that after gen- 
eral erosion of the basin there was a broad depression opening north- 
ward to Sushitna River and Cook Inlet, with the valley of the lower 
(Copper opening to the sea as at pi'esent; that a general subsidence 
amounting to somewhat more that the height of the old divide between 
these two lines of drainage (the location of which can not be deter- 
mined because of the present Pleistoc*ene covering) followed this 
erosion, allowing two arms of the sea to enter — one by way of lower 
Copper River and one by way of the Sushitna from Cook Inlet — and 
mingle their waters in the basin. In this estuary it is supposed that 
the Pleistocene termne of the region was deposited as an essentially 
water-laid formation derived from adjacent encroaching glaciere. 
The present outlet of the basin drainage through the Chugach Range 
is conceived as having been established by a differential uplift by 
which the northern edge of the present l>asin was raised higher than 
the southern. 

The observations made bv the authors during the summer of IIHX) 
were more extended than those which Mr. Schi-ader was able to make 
in the hurried trip of 1898, and are thought to be suflScient to show 
the fallacy of the argument for the deposition of the basin terrane as 
a whole in standing water, and therefore the incorrectness of the 
hypothesis of the former occupation of the region by an inlet from 
the sea or even of the presence of an inland lake as the condition of 
prime importance in the formation of the basin terrane. The deposits 
are in large part made up of typical till, to which an essentially glacial 
origin must be attributed. The attitude of the surficial deposits, aside 
from their glacial character, indicates that, during their deposition, the 
same directions of drainage prevailed as at present. Sloping as the 

» Twentieth Ann. Rept. V. S. Ge«.l. .Survey. Part Vi I, 1S90. pp. 332-;»5. 
*Up. cit., pp. 400-402. 
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surface does toward the central di-ainage of the basin, and in the 
same direction as that drainage, also showing the same relations in 
the tributary valleys, it seems hardly possible that the Pleistocene 
terranes as a whole could have been deposited in the standing water of 
a lake. The unconsolidated covering seems to be a veneer which fol- 
lows the general slopes of the old rock valleys, obliterating the minor 
inequalities of the basin. The origin here suggested for the Pleisto- 
cene terrane of the Copper Basin does not necessitate the depression 
of the valley to a position below sea level and subsequent uplift and 
erosion, but allows for its excavation under relations of land and sea 
very similar to those that now exist. It is supposed that the wide 
basin of Copper River beneath the present surface deposits was almost 
entirely eroded by the streams which occupied it previous to its occu- 
pation by the ice, though possible assistance was given in the later 
stages by the ice itself. It is further believed that the physiographic 
features of the lower part of the Copper Basin afford no reason for 
believing that its drainage ever reached the sea by any other than the 
present route. ^ On the other hand, in the similarity which Copper 
River shows to other rivers crossing the coastal mountains of Alaska, 
British Columbia, and northern United States, there is reason to 
believe that it is antecedent to the uplift of the Chugach region and 
of the Copper River district as a whole. In this case the river has 
persisted in the course which it developed upon the Chugach peneplain, 
and its history corresponds with the general antecedent character of 
the entire drainage of the Chugach region, as alread}^ described in the 
present discussion of the topographic development. 

The Columbia, Fraser, Skeena, Naas, Stikine, Taku, and Alsek riv- 
ers all have their rise in the interior plateau back of the coast range, 
and are probably all antecedent streams. This view is not held by 
Dawson for Fra«er River,' but Columbia River has been described as 
antecedent by Russell;' and the same origin is ascribed by Brooks* 
to Alsek River, which lies nearest to Copper River. Brooks has found 
and described an old waterwa}- by which the upper part of Tanana 
River formerly drained eastward across the present valle}'^ of White 
River, and by way of Donjek River to Lake Kluane, and thence by 
way of the Tatshenshini and Alsek valleys to the sea; thus proving 
the veiy great age of the Alsek drainage, upon which there has been 
so verv much encroachment bv the rivers tributarv to the Yukon. 

» The physiographic features of the upper, broader portion of the Copper Basin are as yet very 
imperfectly known: the relations of the Pleistwene deposits to bed rock, and, indeed, even the char- 
acter of the pre- Pleistocene formations, are entirely unstudied, and if it is eventually to be proved that 
the basin was ever drained by way of Sushitna River, the evidence must be afforded in this region. 

* Summary Report, Geol. Survey Canada, 1879. p. 8 B. 

* A reconnoissanee in central Washington: Bull. V. S. Geol. Survey No. 108, 1893, p. 97. 

< A reconnaissance from Pyramid Harbor to Eagle City. Alaska, including a description of the cop- 
per deposits of the upper White and Tanana rivers: Twenty-first Ann. Rept. U. 8. Geol. Survey, FT. 
II, 1900, p. 354. 
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Copper River does not reach into the interior to the great Yukon 
Plateau, as do the other rivers mentioned, but drains a large isolated 
basin lying back of the coastal range of mountains and separated from 
the Yukon drainage by a high mountainous mass, the northeastward- 
facing scarp of which is continuous with that of the St. Elias Kange. 
The Copper thus drains a smaller area than the Alsek, but, flowing as 
it does from the interior basin across the coastal mountains, it seems 
not improbable that it has a like antecedenj origin. 

Copper River, from the head of its delta to Wood Canyon, at Taral, 
is nearly three times as long as the longest river heading within the 
Chuguch Mountains and flowing to the coast, and the principal tribu- 
taries which join it below Taral are longer than any of the rivers which 
empty into Prince William Sound. From these lelarions it seems 
difficult to imagine that the Copper c*an have diverted the drainage of 
the interior basin from the former course to the sea bv wav of Cook 
Inlet through rec*ent headwater erosion, for the Copper drainage 
within the Chugach Mountains is the most extended of all the coast- 
ward systems of the vicinity, and for this reason it is probably the 
oldest of these systems, and represents a survival of a river whose 
course was determined previous to the uplift of the region. 

Before the great advance of the ice Copper River had hollowed out 
a wide valley between the Chugach and Wrangell mountains, and such 
tributaries as the Chitina, Tonsina, and Klutina had excavated wide 
trenches of measurably the same importance, which were graded to 
the level of the Copper as master stream. To the Glacial epoch 
belongs the infilling of these valleys and the origin of the present 
topography of the Copper Basin. 

TERRACES OF PRINCE WILLIAM SOL^'D. 

To be correlated with the rock benches which were produced during 
the third period of erosion along the rivers of the Chugach Mountains 
are the forelands or low roc*k terraces to be seen at many places bor- 
dering the islands and shores of Prince William Sound. These ter- 
races are narrow platforms, sometimes showing sea cliffs from 20 to 
4(> feet in height, and at other times rising with a gentle incline from 
the water level. From the vicinity of the shore they rise gradually 
to the base of the adjacent mountains, which ascend steeply to a 
height of sevei'al thousand feet. Sea cliffs are present only in exposed 
locations, where the forelands are being worn back and destroyed by 
the present wave action. Such cases suggest the hypothesis that the 
}>enches are wave-cut and that their present altitude is the result of a 
slight uplift of the land; but another origin must be sought, since 
equally good platfonns occur in locations which are completely pro- 
tected from the open sea, and in one instance they are found both on 



76 COPPER RIVER DISTRICT, ALASKA. 

the mainland and on the adjacent islands, separated b}' a narrow chan- 
nel. The long direction of the island Is parallel to the main trend of 
the shore, and the island consequently protects the intervening strait 
from the waves of the open water. Under these conditions it seems 
that the forelands ma}' be the remnants of old valley floors produced 
by ice erosion. The benches often bear the marks of glaciation, 
showing that they were formed either before the ice or as a result of 
ice action, and since the rock benches are traceable with practical con- 
tinuity from Valdes Inlet up Lowe River, and thence by way of the 
Tasnuna and Copper back to the ocean, there can be little doubt that 
the origin which fits in one case is also applicable in the other. The 
form of the restored valleys within the mountains, and of the valley 
of Copper River in the vicinity of Tai'al, is that which would be pro- 
duced by glacial erosion, and in the case of the valleys which penetrate 
the Chugach Mountains from Prince William Sound this character is 
even more marked, if only the cross section obtained by extending the 
sloping rock beds be considered. It Is believed that the terraces 
represent old floors which were produced by glacial erosion, and that 
the excavation of the narrow fiords within the wider valleys may have 
been contemporaneous with or subsequent to the origin of the broader 
features. In either case they are likewise probably the result of ice 
erosion. 

GLACIATION. 
GENERAL DISCUSSION. 

The events of the Glacial epoch very materially affected the topog- 
raphy of Prince William Sound and of the Copper Basin, in the one 
case by the erosional action of ice, in the other by deposition. In the 
valleys which lie within the Chugach Mountains glacial erosion was 
also active. Before proceeding to the discussion of the local work 
accomplished by the ice a few remarks of a general nature will not be 
out of place. 

The mountains of the Pacific coast, from Oregon on the south to the 
region of Kuskokwim River on the northwest, were intensely gla- 
ciated at a time that is geologically very recent. At the period of 
maximum accumulation the valleys adjacent to the coast were filled with 
moving ice, and the mountains, which rose abruptly from the water, as 
at present, were covered with ice or perennial snows. Probably the 
icy mantle was broken only by the highest and most precipitous moun- 
tains, which towered above the snow fields. To the ti*aveler who fol- 
lows the usual steamboat route from Seattle to Juneau, and thence to 
Prince William Sound and Unalaska, evidences of regional glaciation 
are presented all the way from Puget Sound to Cook Inlet. In the 
region of Puget Sound glacial deposits and glacial topography are 
everywhere present, and these features extend northward into British 
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Columbia to the vidnitv of Tietoria and Vancouver Inland. In the 
northern part of YancouTer Island, and thence as far as the uj^r end 
of the Alexander Archipelago, no glacial deposits can be made out by 
the passing observer, but throughout this region the topogra{^y shows 
the ciix|ues, the broadened valleys, the corrugated slopes, and the 
rounded ridges which have resulted from the former presence of mov- 
ing ice. In many localities in the vicinity of the high mountain masses 
about Mount St. Elias accumulations of ice are still very prominent. 
Some important glaciers empty into the lower part of Copper River, 
and others of considerable size occur at the heads of the inlets and 
fiords of Prince William Sound. Still other large ice streams are 
present in the vaUeys which head against Mount Wrangell and the 
other high mountains of the Wrangell district, but all these are mere 
wasted remnants of former larger glaciers and ice caps. The consider- 
ations to be brought out in what follows are sufficient to show the 
probability that at the time of maximum glaciation the Chugach Moun- 
tains supported a practically continuous sheet of ice upon their c«)ast- 
ward side, through which only the higher mountains projected, and 
which reached the waters of the open ocean with a very considerable 
depth of ice. At the same time the mountains of the interior, includ- 
ing those grouped about Mount Wrangell and the Alaskan Range, 
were also the foci of vast accumulations of ice. 

At first sight it seems improbable that meteorological conditions 
could ever have been sufficientlv favorable for the accumulation of so 
great a mass of ice as is necessitated by the phenomena which have 
been observed in the Copper River Basin. It would seem that the 
very fact that great ice fields existed in the neighborhood of the coast 
would necessitate the conclusion that sufficient moisture was not 
retained in the atmosphere to furnish the required precipitation so far 
in the interior. However, the present glaciation of the Wrangell 
region is upon as large a scale as that observed along the coast, and it 
seems that any material increase in the annual precipitation or decrease, 
in the average summer temperature would have as great an effect in 
one region as in the other.' and that the very conditions which favor 
the maximum glaciation in the coast region would also favor maximum 
glaciation in the high mountains of the interior. It must be i*eniem- 
bered that the summits of Mount Wrangell and Mount Blackburn, 
and of several other culminating points in this region, have more than 
double the elevation of any single mountain in the adjacent coast 
region, and that the general height of the mountain mass is nearly 
twice as great as the general level of the Chugach Plateau, which lies 
between it and the &ea. From these relations it is readilv seen that 
the Wrangell Mountains must necessarily ser\'e as condensers for any 
moisture remaining in the clouds after they have passed over the coast 
range under the direction of prevailing winds from the Pacific 
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GLACIATION OF COPPER BASIN. 

In the broad basin of Upper Copper River there is abundant evi- 
dence of former vigorous glaciation. This is seen in the basin terranes, 
which have been fully discussed on another page/ and which are made 
up of typical glacial till with gravels and silts, such as might result 
from the deposition of materials furnished by great glaciers; more- 
over, theChugach Mountains ever^'^where show the rounded topography 
characteristic of regions smoothed under the action of moving ice. 

It seems that during the period of maximum precipitation accumu- 
lation exceeded waste to so great an extent and for so long a time that 
a great ice cap was formed in the elevated region about Mount 
Wrangell and in the Alaskan Range, from which the ice flowed as a 
sheet, completely filling the great basin of Copper River and trans- 
gressing the northern front of the Chugach Mountains in the region 
where they have been observed by the writers. Evidence for the 
transgression of the Chugach front is seen in the smoothed and 
rounded slopes of the mountains as they face Copper River southeast 
of the Tonsina, and also south of the Chitina Valley. If it be sug- 
gested that the features observed may have been produced by glaciers 
of local origin, it seems difficult to find any sufficient area of accumu- 
lation, since there are no high mountains rising above the general crest 
of the range, and since the crest itself is so narrow, lying, as it does, 
between Copper River and Mosquito Creek, tributary to the Tonsina. 
The coastal glaciation could hardly have extended inland in such 
importance as to produce a flow toward the Copper Basin, since the 
mountains are not higher as the distance from the coast increases, and 
in former times there was probably a rapid diminution of precipitation 
from the coast toward the interior — a decrease which is even now 
notable in the practical absence of ice accunmlation in the portion of 
the Chugach Mountains adjacent to the Copper Basin. It seems that 
previous to the glacial smoothing the mountain slopes must have been 
"corrugated by valleys, and in the presence of ice moving down the 
slopes such valleys would have become the channels of ice streams and 
would consequently have been widened and deepened. As a matter of 
fact, the aspect of the region is quite the opposite. The mountain slope 
presents a smooth face toward the northeast and is drained by streams 
flowing in sharply incised trenches which have every appearance of 
having been eroded since the retreat of the ice. This is certainly the 
condition of affaii*s that would be expected as the effect of an ice stream 
overriding the mountains from the northeast. 

Further support of the suggested ice sheet is found in the occur- 
rence of exotic bowlders beyond the first mountains of the Chugach 
Itange. Upon Fall and Ernestine creeks, at the head of Kanata River, 
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there are large rounded bowlders of diorite and greenstone similar to 
rocks occurring at various places in the Copper Basin, but which are 
not known in situ in the neighborhood of their present position. 
Similar occurrences of igneous rocks which can not be found in place 
are reported from the tributaries of the Upper Tonsina. In each 
of these localities gold occurs in the gravels, and its discovery has led 
to the search for gold-bearing veins, so that the absence of these vari- 
eties in the country rock has been noticed by prospectors. If further 
investigation should make it certain that the origin of these bowlders 
can not be local, it would be conclusive evidence that the ice which 
originated in the Wrangell region made it** wa}' nearly to the divide 
which separates the drainage of Copper River from L#owe and Valdes 
rivers. The ice from the Wrangell region penetrated the Chugach 
Range along the course of Tonsina River at lea.st as far as Trout 
Creek, for the gravels of that stream contain quantities of volcanic 
material derived from the unconsolidated Pleistocene terrane, for which 
no other origin can be suggested. In the vicinity of Klutina Lake 
there are a.ssociated with the finer silts coarse deposits which are com- 
posed in part of such materials as might come only from the Wrangell 
lavas, though at the time they were observed a more Jocal origin was 
considered probable.* 

ORIGIN OF THE DEPOSITS. 

It is believed that the Pleistocene deposits of the Copper Basin 
were laid down in connection with the great ice sheet which had its 
origin in the Wrangell Mountains and in the adjacent Alaskan Range. 
A vast sheet of ice came down from these high ranges and piled up in 
the topographic depression occupied by Copper River, where its nat- 
ural flow to the coajit was checked by the opposing Chugach Range. 
It is conceived that the first ice to reach the bottom of the basin 
became the floor upon which later flows were piled, until finally 
the highest accumulations were able to find their way over the oppos- 
ing rim of the basin. The ice below this rim must have remained 
stagnant to a ver^' large extent, since the valley of Copper River 
could not carr}' off anything like the amount of ice furnished, because 
of its narrowness and becaase its lower course was probably clogged 
bv ice accumulated in the mountains near the coast. Most of the 
material that had >>een picked up by the ice during the earlier part of 
the advance would in this way remain in the basin, and on the melting 
of the k-e the debris embraced within its mass would be deposited — 
murh of it as till or bowlder clay resulting from the quiet deposition 
of heterogeneous materials, and a large j>art as gravels and sands dis- 
tributed bv streams l^eneath the ice or at the ice front; while fine silts 
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would be deposited wherever the streams loaded with rock flour were 
ponded in lakes resulting from the damming of drainage lines either 
by the ice or by glacial deposits. The most favorable time for the 
occurrence of such lakes was probably during the advance of the ice 
front, but they may have been locally present in the later stages of the 
glaciation as well. 

After the wasting of the main mass of ice through melting, the val- 
ley floor was left with a deep covering of debris, which effaced the 
earlier drainage lines and produced a topography of rather smooth 
character, showing only the minor inequalities which are character- 
istic of glaciated regions. The occurrence of lakes is very frequent 
both upon the constricted ground between the present deep valleys 
and in localities that were never filled by the glacial deposits. 

Before the glacial ice finally ceased to invade the basin from the 
slopes of Mount Wrangell there occurred a considerable outpouring 
of andesite, which flowed over the gravels and bowlder beds, extend- 
ing an arm as far as Copper Biver at Bellum's, and reaching eastward 
to Kotsina River. The peculiar course of the Kotsina after it leaves 
the mountains seems to have been the result of a diversion due to the 
clogging of its former channel by the lava. This andesite flow is a 
prominent topographic feature of the eastern side of the basin from 
the vicinity of Kotsina River northward to Chetaslina River and for a 
considerable distance beyond, forming a line of hills and a terrace- 
like bench from 4 to 6 miles distant from the Copper. 

Subsequent to the flow of andesite there was another advance of the 
ice, as is shown by striated surfaces upon the volcanic rock and by the 
occurrence of bowlders of limestone and of considerable deposits 
of gravel above the andesite. 

TERRACES IN COPPER BASIN. 

Since the deposition of the Pleistocene terrane in the Copper Basin 
the streams have been able to excavate their channels to a depth of 
several hundred feet, but their presence below the general level of the 
basin floor is not necessarily, though it is possibly, the result of uplift. 
It seems more likely that there have been no significant changes in 
level, for the old channels lie at a level below the few exposures of 
the hard formations beneath the drift, and the present stream beds 
have hot yet been excavated to solid rock, as would have happened if 
the old floor of the valley had been raised to any considerable degree 
from its former position. Furthermore, the old floor could not have 
stood much lower at the conclusion of its erosion than at present 
unless there had been a subsidence, for which no evidence has been 
observed. These considerations suggest that the di^ainage surface of 
the Copper Basin was raised entirely by the deposition of Pleistocene 
drift, instead of by actual uplift of the region. 
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Several terraces which occur from place to place along Tonsina and 
Copper rivers indicate that there were stages in the down-cutting — 
intervals of erosion alternating with the construction of flood plains. 
The terraces are usually best preserved near the tributary streams, as, 
for instance; at the mouth of the Chetaslina, where two marked benches 
are found below the general level of the basin. A fourth bench, at a 
distance of several miles from Copper River, is not a river terrace, but 
the front of an andesite flow that covers the main bed of Pleistocene 
material. 

It is suggested that the production of these termces is the result of 
variations in the ability of the sti*eams to corrade their channels, and 
that these variations were founded upon climatic changes. An increase 
of precipitation, b}- increasing the activity of glac^ial streams, would 
bring about periods in which the rivers, being overloaded, would form 
flood plains, while intervening drier periods, when less material was 
furnished for transportation by the rivers, would be productive of 
conditions favoi*able for lowering the valley floors. Ina-^much as the 
variations of the present glaciers of Alaska are indicative of secular 
variation in the amount of precipitation, it seems not unreasonable to 
accept the probability of the above suggestion as applicable to the 
origin of the terraces in the Copper Basin. 

GLACIATIOX OF PRINCE WILLIAM SOUND. 

In the region of Prince William Sound the evidence of glaciation 
extends to the water's edge along the mainland, as shown by the 
presence of gravel and striated rock surfaces along the shore. On 
many of the islands of the sound there are also scored surfaces, and in 
addition there are gravel deposits made up in part of rocks peculiar to 
the mainland adjoining. On (Hacier Island fragments of granite have 
been found similar to that occurring in place upon the adjacent main- 
land; on Bligh Island also there are gravel deposits containing exotic 
materials, and on the shores of Hawkins Island coarse granite has 
been observed which is believed to have had its origin in the neigh- 
boring mountains of the mainland in the vicinity of Sheep Bay. 
These observations are deemed suflicient to show the former greater 
extent of glacial ice in the sound region. 

The forelands that frequently o<'cur lietween the water and the steep 
slopes of the mountains have already l)een mentioned and their origin 
has l)een attributed to ice erosion. The tiords, which have been exca- 
vated to a considei'able depth below the forelands, are also considered 
indicative of vigorous glaciation, while the high mountains themselves 
show characteristic rounded topf>graphy, indicating that they were at 
one time practically buried l)eneath a great ice sheet. 

The deposition of the silts, gravels, and lK>wlder clays in the Cop- 
per Basin was the result of slackened movement in the ice streams, 
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which had its origin in the necessity of filling the topogmphic depres- 
sion before a free outlet for the accumulating ice could be gained. 
In the constricted valleys within the Chugach Mountains and along the 
coast the movement could have been at no time sluggish, and, instead 
of depositing, the strong and relatively rapid ice streams were actively 
eroding the ground over which they passed. The materials which the 
ice derived from this corrasion must have been deposited some dis- 
tance from the present coast line, underneath the waters of the ocean. 

The islands of the sound are considerably lower than the mountains 
of the adjacent mainland, and it seems probable that this may be due 
to their having been eroded b}' the ice. It is also suggested that the 
channels between them, with the deep fiords, and, in fact, all of the 
topography of the sound, is the result of glacial erosion. 

The hypothesis which first suggests itself for explaining the deep 
fiords is that thev are vallevs which were excavated bv water or ice 
action when the land had a somewhat higher eleAation than at present; 
but all the physiographic evidence throughout the Copper River 
region points to repeated uplift since the beginning of the erosional 
history, and there is no sufficient evidence for supposing that there 
have been any intervening periods of subsidence. From this it seems 
probable that the fiords were excavated while the land stood practi- 
cally in its present relation to the sea, and if this be so, their erosion 
was accomplished below the level of the sea, and must, therefore, be 
attributed to glacial action. The valley of the lower Copper was prob- 
ably at one time a fiord which has been filled up with materials brought 
down by the river, and to it a similar origin is attributed. 

MIXERAIi RE8C)l RCE8. 
COPPER DEPOSITS OF THE INTERIOR. 

General statement, — The occurrence of rich copper deposits within 
the basin of Copper and Chitina rivers has been commonly reported 
for many years, but it was not until the summer of 1898 that efforts 
to locate the ores proved successful. In this year several prospectors 
reached the interior and made some locations, while in 1899 a number 
of men penetrated the Wi-angell Mountains by way of Kotsina River 
and discovered good indications at many places; others, exploring 
toward the east, proved the continuance of the copper- bearing belt in 
the direction of White River, where copper occurs in important quan- 
tities. In this region the Nikolai mine was discovered in July, 1899, 
under the guidance of a native sent ])v Chief Nikolai. During the 
summer of 1900 several prospecting parties were operating in the 
Kotsina and Chitina regions, and many additional locations were made, 
and upon the most promising properties considerable development 
work was done. 
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The e3EAmiiuitioD:<' of the copper depc^ii^ made hv geologi?*^ of the 
United States Geolo^KaJ Sunrer wer^ in no ct^e e3thau5tire and in 
nK>4 iB>tancv> were nei-e^sarilv of a very superticial nature, but suffi- 
cient genenl knowledge was gained of the manner in which the or>es 
occur and of their extent and distribution to show the very great 
pro?pectiire importance of the region as a pnxiucer of ^x>pper. 

The copper ores oci-ur in association with an ancient mass of basalt 
or diaVj«L^e. which has been named the Nikolai greenstone. It is prob- 
able that thi> igneou> nx^k is the original -j^^^urve frvHU which the cop- 
per wa- derived br circulating waters and depc^ited in the form 
in whieh it exists. Two distinct modes of o^vurr^nce are tfenerallr 
oKi?erva>>le throughi>ut the region. In the lirst cases the metal iW*urs 
native, either dllin^ former cavities in the erTeen>tone or in the form 
of stringer- penetrating the parent rock. The copper does not, how- 
ever, ^eem to be generally distributed through the rv»ck. but seems to 
follow along a general trend, as though it were an imperfect vein. In 
.>urh «i5e> fracturing or shearing may frequently be observed, and 
though well-marked tisa>ures may not have been developed, it is prob- 
able that the presence of the copper indicates a line along which the 
«irculating waters could easily penetrate. Certain well-marked veins 
which i-arry metallic sulphides are bordenpd by native copper in the 
«-ountr\' rock near bv. 

The HN:-<:md cla.>> of copper deposit.^ comprise the sulphides iH*cur- 
ring in true tLs^ure veins, and it is to these depa>its that we must look 
primarily for the future development of the region. The ti^siure veins 
are found at various places throughout the area in which the Nikolai 
greenstone occun», but it has been oliserved that the amount of ore 
always increases in the vicinity of the contact between the igneous 
rock and the overlying limestone. Certain veins may be traced frx>m 
the greenstone upward into the limestone, and in such leases there is 
frequently an increase in the size of the ore body at the contact. In 
some case> there Ls a development of flat ore Ixxiies upon either side 
of the vein along the contact or in the stratification of the limestone 
adjacent to it. The contra>ting green and white of the basalt and 
limestone are verj- >triking features throughout the region, and may 
l>e ea.>ily followed by the prospector or geologist, and those who have 
rec<jgnized the tendency of ore bodies to occur near the contact of 
the>e two fonuations have generally been rewarded, in tracing its out- 
crop, with the discover}' of good indications of ore, and in several 
instances by very large shoob* of ore. The outcrop of this important 
geol(^>gical horizon h^< been represented on the map of the formations 
which accompanies this report, and in so far as it is complete it exhib- 
it- the localities where the important contact ores are to be expected. 

The copper propertie> of the Kotsina and Chitina regions are yet 
entirely in the stage of development, and no ore has been brought out 
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excepting in small quantities for assay and for mill tests. It is under- 
stood that many of these tests have been very satisfactory, and the 
value of the ores in genenil has been proved by assays made on sam- 
ples collected by the writers upon the ground. It is believed that 
when facilities for transportation are forthcoming many valuable 
mines will be developed within the district. This fmpression is based 
upon what has been seen of certain ore bodies, especially those near 
the greenstone-limestone contact, and the large amounts of copi^er ore 
occurring as float everywhere throughout the region covered by the 
greenstone. 

The very general distributio!i of the copper might at first be biken 
as an indication that no large bodies of ore are to be expected, but the 
surface exposures are sufficient to show that in some instances immense 
ore shoots do occur. On the whole it is regarded as conservative to 
say that the indications in the Copper River district are exceptionally 
f avoidable for the presence of copper in quantities of sufficient importance 
to wan-ant the expenditure of capital for very thorough exploitation. 

Copper deposiU on Kotaina River. — Copper ores and native copper 
have been discovered in various localities within the Kotsina drainage. 
Good specimens, mostly of bornite ore from the head of Clear Creek, 
were seen by the writers, and good prospects are reported to occur on 
Barrett and Elliot creeks, but the only deposits which it was possible 
to examine where any development work had been done were those on 
Rock Creek and Copper Creek. 

The Warner prospect is located on the southeast side of Rock Creek 
half a mile al)ove its mouth. At the time of visit a tunnel had been 
driven along the vein into the greenstone for a distance of 10 feet. 
At the mouth of the tunnel the vein is very nearly vertical, and has a 
width of about 2 feet, being composed of crystalline calcite. The coui-se 
of the fissure is approximately S. 40^ W., and upon the surface the 
vein may be ti-aced for about 15 feet, when it is lost underneath 
the vegetation, but reappears with the same general course 100 feet 
farther up the slope, whence it may be traced to the contact of the 
greenstone and the massive limestone. The distance from the mouth 
of the tunnel to the contact where the original discovery was made is 
about 450 feet. 

In the tunnel there is from 8 inches to a foot of bornite, with a 
small amount of quartz, though upon the surface the ore pinches to 
less than 5 inches. The vein seems to be a true fissure vein, with well- 
marked walls wherever it is sufficiently exposed for examination, but 
there are several stringers which evidently separate from the main 
vein. 

If further d(»velopment should prove the value of this property, its 
location at a low altitude and its accessibility from the Kotsina trail 
will be advantageous for its economical oj^enition. 
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The discovery which has F>oen made on Copjx^r Ci'eek is a))oiit 8^ 
miles above Kotsina River, at an elevation of approximately 4,*X>0 
feet. The deposit is situated uix>n a steep sIojm* several hundred yanis 
west of the point where the }yASi} of the massive Chitistone limestone 
crosses the creek. In developing this proj)erty an ojxmi cut some 15 
feet in length has been made, and at its end a shallow shaft has been 
dug. The excavations have disclostnl thive iXM>rly defined zon<»s of 
minei-alized material, each fix)m I to 8 feet in thickiu»ss, and apj>arently 
made up of altered limestone rather than of ordinary vein materials. 
There is no well-defined vein, but a genenil north-south tivnd in 
observed, and there is a cleavage in the rocks having a steep dip 
toward the east. The deposit is made up of chalcopyrite and bornite 
somewhat stained with malachite and iron oxide. The ore appears to 
be a replacement of the limestone which forms the country r<M'k. 

A ton or more of the material has been taken out and lies uj^n the 
ground, and two selected samples which have been assayed gave over 
30 per cent of copper, and one of them somewhat more than 2 ouncew 
of -Milver. One also showed one-tenth of an ounce of gold. Although 
this prosp)ect is situated at a considerable elevation, there will b(» no 
serious difficulty in reaching it with pack horses should future devel- 
opment warmnt its being opened upon a conunercial scale. 

Sfrehui Creek depoHitn, — A considerable amount of prospecting ha» 
been done within the region dmined by Strelna Creek, several mineral- 
bearing veins have ])een recognized, and some good prosp<»,cts have 
been IcK'ated. The ores comprise }M)rnite, chalcopyrite, and a native 
copper. 

About 2 miles above the fork the north branch of this stream is 
crossed b}- the contact of the massive limestone and the greenstone, 
along which there is a mineralized zone scmie 4()feet or more in width. 
This zone is impregnated to a greater or less extent throughout with 
sulphides of iron and copper, but the M or 10 feet of limestone next 
to the contact is considerably altered and contains a larger amount of 
the sulphides than the neighlx>ring rock. The greenstone is mineral- 
ized onlv a short distance from the contai't. 

There are many evidences that movement has taken place in this 
vicinity, since the ro<*ks are folded and crushed and the planes of 
>h<*aring show slickenside surfaces. In one cas^* a considemble fault 
was obsi'ned disKx'ating the lms«; of the limesU^ne. This mineralized 
zone i- an example of the conta<-t as a favorable [K>sition for thedepo- 
>ition of ore>. 

(ojfp^r on Kifjtki/Ia/t/i Hirtr, —At the time of the writers' visit there 
had \f^^i*\\ no effective [irosjx-cting along the tributaries of the Kusku- 
lana. but in traversing the region grxxl flriat was noticed in many plwres, 
and in one instance a well-marked vein was found. In the Jied of the 
stream that has lieen named Nugget Oeek a large maMs of copper 
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was discovered partly buried in the gravel. This was afterwards 
uncovered by prospectors and reported to be about 8 feet in length, 
with other dimensions from 8 to 5 feet. Along the southeastern side 
of the glacier f i^agments of copper ore were also observed at several 
places, and there can be but little doubt that good discoveries will be 
reported from the Kuskulana drainage. 

Bonanza elriim, — The Bonanza claim is located upon a high ridge 
between Kennicott Glacier and McCarthy Creek, at the contact of the 
greenstone and the limestone. It is (> miles or more above the foot of 
the glacier and about 8 miles west of Nikolai mine. Here, upon the 
western slope of the ridge, is exposed the largest and richest body of ore 
thus far reported from the Chitina region. The vein is a true fissure, 
which cuts across the contact of the greenstone and limestone, though 
for some distance below the contact the vein is barren. The mass of 
the ore occurs iii the limestone, from the contact to a height of per- 
haps 150 feet along the slope, and is exposed for a horizontal distance 
of nearly 4 feet. In width the vein is irregular, varying from 2 to 7 
feet. Its course is N. 40^ E. There is no quartz or other vein ni-in- 
eral associated with the ore, though between the walls of the vein there 
is sometimes a considerable amount of crushed limestone. The ore is 
practically pure chalcocite, or copper glance, and is stained upon the 
surface by copper carbonates. Solid masses of the ore from 2 to 4 
feet across and 15 feet or more in length are exposed in several places, 
their depth being not apparent. Besides the ore within the fissure 
there are also bedded ore bodies running off into the limestone along 
the planes of stmtification. The relations of the ore are such as to 
indicate that it was formed as a replacement of the limestone. 

The amount of ore in sight, with practically no development, amounts 
to several hundred tons. An assa}" of a sample collected gave over 70 
per cent of copper and 14 ounces of silver, besides a trace of gold. 

The claim is situated about 1,500 feet above timber line, at an ele- 
vation somewhat above 4,500 feet, but the nature of the topogmphy is 
such that a good trail coidd be built to it without great difficulty. 

Besides the Bonanza claim several other locations have been made 
along the outcrop of the contact, on the Kennicott side of the ridge 
and, in one case, on McCarthy Creek. The ore in all of these claims 
is, however, bornite or chalcop\u*ite instead of chalcocite. 

Nikolai mine, — The Nikolai mine is located on the creek of the 
same name tributary to McCarthy Creek from the east. The occur- 
rence has probably been known to the natives for a long time and was 
revealed to Mr. Edward Gates by an Indian named Jack, who, though 
he had never visited the localit}', was able to find it with aid of a map 
drawn by Nikolai, late chief of the Taral Indians. 

The Nikolai mine is situated 1,000 feet or more above timber line, 
at an elevation of about 4,200 feet. The country rock in the lower 
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part of the creek is Tria.s8ic shale intruded b}' poi*phyry, Imt a great 
fault brings up the Nikolai greenstone, which forms the bed roek from 
the vicinity of the main forks of the creek to a point al)ove the mine. 
On the south side of the gulch opposite the mine the greenstone is 
opposed by the unconformable beds of the Kennicott formation, but 
to the north the Chitistone massive limestone is seen dipping steeply 
into the mountains, and this is followed by the Triassic shales, covering 
a large area between McCarthy Creek and Nizina River. 

The vein occurs in the greenstone at a horizon not more than 50 feet 
below the bottom of the limestone, which outcrops in the creek l)ed a 
few hundred feet above the shaft. It is a true fissure vein, with well- 
marked walls, and there has been displai-ement or faulting along it to 
the amount of perhaps 50 feet, with the upthrow on the northwest. 
The course of the fissure varies from N. 50-^ E. to X. 55 - E., and the 
vein dips about 65^ SW. It may be traced for several thousand feet, 
though it shows no ore on the surface except near the place of dis- 
eoveiy. The main fissure is paralleled at a distance of 1*0 and 140 
feet, respectively, by two fissures which, though less prominent, also 
contain copper minerals, and the rock }>etween is cut by many stringers 
of ore. In the vicinitv of the shaft the main vein has a width of from 
8 to 12 feet and is divided about equally by a horse of gre**nstone 3 or 
4 feet across, in which the shaft has V>een sunk. The ore on either 
side of the horse is practicalh' pure >)omite, with only a small amount 
of rjuartz associated in an irregular way. I^ocally, as shown near the 
chalk l>ed, there is a liand of chalcopyrite lying next to the hanging 
wall. The development in the latter part of August, IJKM), consi.'^ted 
of a shaft 3<» feet in depth and an open cut along the vein for perhaps 
50 feet. Throughout this distance ore having a thickness of from 2 to 
4 feet had lieen exposed, and in the l>ottom of the shaft the horse had 
been penetrated and bomite ore vths found on the foot-wall side. The 
development has been sufficient to show the presence of a large shf>ot 
of ore which can l>e mined from the present shaft or from a short 
adit which could lie driven to cut the vein at a depth of iierhap:^ 
1<>» fe«*t, but whether the ore is crenerallv distribute*! or whether 
there are other large ore liodies along its rours^* is yet to te 
determined. 

A gorxl trail, a mile or more in length, had lieen <'on>tructed from 
the i-amp at timber line to the mine. During the summer of ll^Xj 
alKiut a dozen men were engaged in the exploitation of the Nikolai 
mine. 

Ofhrr »M:rnrt^.nt:*:Jt. — Rich depr^sits of native copj)4*r are rejK>rted to 
^Kriur at the headwaters of Chitina River, and -^ince the geolrigical 
?-tructure of the region adjacent on the west indir-ates the profjabie 
^•ontinuation of the grf?en>tone Wt into thi.'* region, it seems likely 
that workable amount.^ of copper will l^ie found there. The region lies 
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directly between the exposures of greenstone on the*Nizina and those 
which carry native copper at the head of White River across the inter- 
vening range. 

The natives also report the occurrence of copper in the mountains 
between Ilanagita Valley and Chitina River, though the localities can 
not be determined from their descriptions. 

In the lower part of the Chitina Valley several locations have been 
made, and though these were not visited the rocks of the region were 
seen and found to consist of gabbros and diorites, probably intrusive 
in limestones and amygdaloidal greenstones. These ores are made up 
almost entirely of chalcopyrite. 

COPPER IN PRINCE WILLIAM SOUND. 

Gviwral statement . — The copper ores of Prince William Sound have 
been attracting the attention of prospectors and miners for several 
years, and in 1898 several claims were visited b}' Mr. Schrader and 
described by him in a report on the region.^ Many of these <'laims 
have since changed hands, and upon some of them considerable devel- 
opment work has been done. Many new locations have also been 
made, and it is to be regretted that only a very inadequate study of 
the geologv and mineral deposits of the Sound region was possible 
during the autumn of 1900. In Prince William Sound the copper 
occurs in two wavs: first, in fissure veins: second, in mineralized 

•/ - 7 7 

zones which seem to te nearly or quite parallel to the bedding of the 
heterogeneous strata composing the Orca formation. The deposits of 
Copper Mountain, in Ijandlocked Bay, are of the fissure-vein type, and 
other instances of fissure veins were observed in claims located south of 
Orca in the vicinity of Flemming Spit. In both of these localities the 
country iX)i-k is greenstone diabase or basalt, apparently occurring in 
large masses. All of the other occurrences, so far as they are at present 
known, are impregnations of zones of more or less crushed country 
rock by sulphides of copper and iron. In most instances the ore 
occurs in the inter bedded flows of greenstone, which are commonly 
regarded In' the prospectors of the region as dikes; but it is also found 
in the arkose sandstones and in the shales. The mode of occurrence 
may be compared, in a very general way, to that of a portion of the 
copper deposits of Lake Superior, though in the present instance sul- 
phides are found in the place of metallic copper. The association of 
the ores with the greenstone is very general, for even when they lie 
in sedimentarv rocks the igneous rock is never verv far distant. It 
may be suggested that the origin of the copper is to l)e sought in the 
flows or intrusions of bjisalt or diabase, from which it has been con- 
centrated by means of circulating waters. 

* A ri'connnissunco of a pnrt <>l Prince William Sound and tht? ro|>i>or River district. AlH>*kft: Twen- 
tieth Ann. Kept. W S. GtH)I. Snrvey. Part VII. 1900. i»i>. 417-4JO. 
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Copper claims have been located in various parts of Prince William 
Sound, and by their distribution show the very general occurrence of 
the ores throughout the region. The best-known claims are on 
Latouche and Knisfht islands and on the mainland in the vicinitv of 
Copper Mountain, and at Ellamar, where the Gladhaugh property is 
situated. Other claims are situated on Montague, Hinchinbrook, and 
Glacier islands, and at various places on the mainland. 

Latifuche Island. — The Bonanza claim is located near the shore on 
the western side of Ijiitouche Island, at an elevation of about 200 feet. 
At the place of discovery there is exposed a sloping face of bare, iron- 
stained sandstone and shale, about 300 feet in length and 100 feet in 
height. The yellow and ))rown staining has resulted from the weather- 
ing of iron p\'rites, and both this mineral and bornite, by which it is 
accompanied, are quite generall\' distributed through the rock over 
the entire exposure. A tunnel has been driven into this minei*alized 
rock for a distance of about 6n feet, and though it appears to run 
across the trend of the deposit it has not yet passed through the 
mineml-))earing zone. A sample taken along the entire length of the 
tunnel gave an assjiy of over \) per cent of copper with IJ ounces silver. 
Gold was not present in any valuable amount. 

A property known as the Whale claim is located on the southeast 
side of Latouche Island. Here the ore, consisting of chalcopyrite and 
bornite, occurs in the form of stringers and is disseminated through the 
country rock of gniy sandstone and black slate. The impregnations 
seem to l>e contined to a fmctured zone following the general trend of 
the rocks, which have a strike N. 75" E. 

(ihidhintjh niltu\ — In the vicinity of the Gladhaugh mine, at Ella- 
mar, the strike of the folded and sheared black shales of the Orca 
series is variable, l)ut its general direction is northwest-southeast. 
The dips are usually toward the north. The Gladhaugh vein is a pmc- 
tically solid mass of iron and copper pyrites. It has a width of more 
than 125 feet where exposed, and extends along the strike for a known 
distance of more than 300 feet. The north wall of the vein, where it 
comes in contact with the shale, has a course N. 45^^ W., and the dip 
is 3n- toward the north; but possibly the general dip is considerably 
stei^per, since the foot wall is known to have a much greater pitch. 

Local I V there are some small inclusions of countrv rock within the 
vein, and occasional lenses of calcite are found, with a small amount 
of bornite. A general sample taken across the vein gave an assay of 
5.4 per cent of copper, with one-tenth of an ounce of gold; but since 
th(» chalcopyrite seems to be not uniformly distributed, it is probable 
that a nuich higher percentage may be attiiined by selecting the ore. 

In November. 1!MM^ work was iMMug rapidly pushed upon a shaft 
which it was the intention to sink to a depth of 150 feet before running 
a crosscut to n»ach the vein. 
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quality, and is to In* i*ated as seinianthratdte upon the high percentage 
of fixed carbon contained. 

Two specimens of petroleum were procured from parties interested 
in the Catalhi and Kavak fields. That from Catalla is of a dark-brown 
color, as liquid as ordinary kerosene, which it resembles in odor. It 
was tested bv H. N. Stokes, of the Survey, and found to contain no 
sulphur. The specimen from the Kayak region is also dark brow^n in 
color and very viscous. There is no odor of kerosene, and the sam- 
ple was found by Dr. Stokes to contiiin a slight trace of sulphur. 

The age of the rocks in which the coal and oil occur is probably 
Eocene, like the coal-bearing series of Cook Inlet. 

RAILROAD COXSTRUCTIOX. 

Engineers who have examined the approaches to the divide and the 
passes that cross it regard the Valdes route as practicable for the con- 
struction of a railroad to Copper River, and the observations of the 
writers' party are entirely corrobonitive of this judgment. The great- 
est obstacles to be overcome are the crossing of the coastal mountains, 
but here practicable grades can be located. Other formida>)lc difficul- 
ties are the glacial streams, often flowing in trenches several hundred 
feet below the general surface of the interior basin; but these are not 
extraordinary, except for their number. The character of much of the 
ground is veiy swampy; but this for the most part is the result of the 
vegetation, consisting largely of moss, which prevents good drainage 
and protects the frozen ground from thawing to any great depth. The 
stripping of this vegetation and the construction of a slightly elevated 
roadbed from the gravels which everywhere underlie the surface would 
probably obviate this difficulty. 

After reaching Copper Rivera line could ))e run to the copper dis- 
tricts of Kotsina and Chitina rivers, should future development be 
equal to present indications of their value. Eventually a line would 
also be extended to Eagle City by way of Mentasta Pass, aflording an 
all-American rail route from the coast to the Yukon country. 

TIMIIKR. 

Within the Copper Basin and along all of its tributaries there is 
spruce timber in sufficient amounts for all the puiposes of mining, and 
aspen occurs in many places where the spruce has been burned off. 
In swampy places the spruce is found to be small; but where the drain- 
age is good, along river l)ottoms and on the side hills, the trees fre- 
quently rea<*h a diameter of 8 feet, or even more, and would furnish 
good saw logs. Timber line is usually located in the viiinitv of 3,000 
feet elevation, but locally the trees extend from 8(K) to 500 feet 
higher. 

April 1. 1901. 
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